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1 INTRODUCTION 

The Road Tunnels Committee (H‘7) of the IRC was constftuted in August 3006. The 
Personnel of the H-7 Commttlee ane os under 

Momin, S-S. 

Vidwans, R.M, 

Mahale, J.G. 

Shandari, R.C. 

Chopade, R.M, 

Dutt. Sunil 

Iyer, J. Chandrashekar 
Jethwa, Dr, J.L. 

Kulkami, S.R. 

Kuman Vinod 
Majli, Dr. Vidya Bhushan 
Nandargikar S.R. 

Navalkar, 

Pandit, Ashlsh 

£x-offtcfo Memtofs 

Presktent, IRC {Liansangal 

OG (RD) & SS. MORTH (Sinha, A.V.} 

Secretary General, IRC (lnt!iana, R.P.} 

This is the first time that such guidelines are being prepared for Road TuoneJs Sn 
the country by the IRC. Therefore, the Committee in Its first meeting held on 16th 
Oct, 300B discussed the scope as suggested by IRC and decided upon various 
topics to be taken up by the rnembers. The Committee had several meetings and 
prepared a draft for consideration of Highway Specification and Standards (HSS) 
Committee. The draft was placed before the Highway Specificalioiii and Standards 
(HSS) Committee on 1s| May, 2010, wherein some comments were offered for 
incorporattori. 


Convenor 

Co-Convenor 

Member-Secretary 

Pate], Saunn 
Ragavan, N, 

Rajvanshi, U.S. 

Singh, Mango 
Sami, M.3.S. 

Rep. DG8R 

Rep. £-tn-C PWD, Uttarakhand 
Rep. E-in-C PWD, HP 
(Bhuvan Sharma) 

Rep. Secy. PWD, Tamil Nadu 
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The revised dfttft incoiTiOrating the coiTiments of the Highway Specificetjon and Standaids 
(HSS)Cofnmftteewas presented before the Council in its 191st meeting held Dn 22nd May, 
2010 at Munnar (Kerala}. The dooumenl after djsoussion was approved by the Cwncil for 
printing as a publication d IRC. The valuable contributions of the rnemtjers of the Road 
Tunnels Comm-rttee (H-7) and suggestions of members of Highway Specafiotion and 
Standards (HSS) Commiittee and Council mambers are hereby 3c*;now!edged- 

1.1 Tunnels are introduced Into the road systeni h mountainous terrain to negoitiate 
mountain ranges and reduce the road length. The tunnels may also be introduced to avoid 
passage through Sixrw bound areoe or pass betow sea, creeks and rivers or even to 
cross thickly populated urban are>as etc. A road tunnel may also be considered in open 
DOuntiy on envkonmental grounds to prcled: areas d ecological interest The fundamenlal 
objective of road tunnel is to ensure safe transit of the road traffic in difficult terrain. 

1.2 The dectsLon to introduce a tunnel In a road system largely depends upon 
the oost benefit ratiOj traffic volume, category of road etc. Cost of Tunnelling is much 
more than that of open excavation. The tunnel cost is mainly dependent on topography, 
geology and access. For expressways and high density conridofs pa&sing through 
mountain ranges the option of tunnel is generally more economical considering life- 
cyde cost and overall saving for the traffic using the shorter route, 

U The planning, design and canstructjon of a road tunnel Is a complex Inter- 
discipUnary task and requires expertise in dHTerent fields. The planning arxi design involves 
site investigation, physical pianning, conceptual design and detailed design with due 
consideration for oonstmction methods. All these aspects, construction methods, lifting 
and ventilation, safety and operatton and maintenance are dea^t with In further sections. 

1.4 Terminology; Annax-A contains deftnilions of terms that relate to planningi 
design, construction and operation and maintenance of road tunnels. 

1.5 Classification of Road Tu n nets 

1.5,1 lociafi'on wise 

' Underground Tunnels; These are subterranean structures constructed 

by Tunnelling methods. 

* Undenvater Tunnels: These are tunnels constructed by Tunnelling 
methods below the bed or by placing precast segmcnts/tobes, below 
water bodies. 

* Cut and Cover Tunnels; These are ducts constructed In open pits with 
the space outside the ducts back-filled to origin^ ground level. 
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' Over g round Tunnols: Duels constructed over the g round for protecting 

roads In iandslide/avalanche areas. 

1.5,2 Sfrape wfse 

' 'D' Seciion: 'D' sections are most suitable for Irenspoitatlon iunin.e!s. 

The ftat invert of 'D' shape greatly factHlales ccnslruction. However^ 
this secllon is not suitable for lunnets in soft ground. 



' Circular Section; Circular sections are structurally the best and ara 
commonly used for underwater tunnels, tunnels through soft ground 
and for tunnels excavated with tunnel bcaing machines, 

■ Horseshoe Section: Horseshoe and Modified Horseshoe sections are 
a comprofnise between 'O' Section and Circular Section and have 
added advantage for aocommodatton of utility services^ better head 
room, etc. 
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» Egg Shaped Sections: Egg shaped and egglkpse sections are best 
suited for sewerage tunnels because of their hydraulic pnoperties. They 
are also used for road luonels with high vertical pressure. 



Egg Shaped Section 



1.5*3 Constmciion method h/jso 

‘ Ortll and Blast Method: This method is suitable in medium and hard 
strata, It is also adopted where ex-cavalion with machines like IBM, Road 
Headers etc becomes unfeasible due to very high strength of rock. 

■ No-Blast Excavation L This method mafnly envisages the use of Tunnel 
Shields, Road Headers and Tunnel Boring Machir>es (TBM). These 
techniques are suitable for vanous strata, to avoid vibrations and for 
faster progress. 


1J.4 Lehgtfrwfee 

♦ Short tunnels: Up to 500 m length 

■ Medium tunnels: Over 500 m to 1500 m length 

■ Long tunnels: Over more than 1500 m length 


[NOTE: For classification of tonrals on length basis for Expressways refer para 6.2 of 
'Cutdolines for Expressways VOL II: DESEGfsT} 


1.5.5 Side covemge 

* Full: Tunnel: Where side cover is adoduate and full section tunnel is 
possible. 

• Half Tunnelt Where side cover is inadequate on vailey side for full 
ssctfon. 
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1.6 Distinctive Features of Tunnellirtg 

Following distinctive features of Tunnelling shall be Kept in mind while planning and 
designing, 

' Space inside tunnel Is limited and therefore calls for us-e of specially 
designed plant and equipment, 

* Due to space limftotions and linear nature of work, no! many opera-tions 
can becanied out simultaneously, particularly at the tunnel face. Delay 
caused at any stage gels cairiod through and can rarely be made up 

* Conventiongi methods of Tunnelling are normally with cycEic drilling 
and blasting. 

» i^kdequate ventilation and lighting need lo be provided during 
construction. 

■ Even in the compact and hard rock, possibifity of meeting jointed and 
weak zones, leading lo eccidenlal ro<k falls can not be ruled out. 
A tunnel can pass through complex gootogical formations wherein 
adverse geological occurrences like rock bursting, squeezing, swelling, 
sudden ingress of water, emission of inflammable, poisonous S noxious 
gases and high geothermic zones could be enoountered. 

* Urban tunnels pass below populated areas and built-in structures 
where surface subsidence and ground vibrations are of paramount 
consideration. 

■ Non-urban tunnels could pass below reserved forests containing 
flora and fauna. It would therefore be necessary to ensure that 
Tunnelling techniques chosen are that disturbance and damage 
to environment is avoided or at least minimized. 

* Efficient Tunnelling calls for a good understandiFvg and appreciation of 
the geological aspects, Mctdern techniques call for the application of 
the right amount of appropriate supports applied at the optimum lime, 
based on sound understanding of geology ar>d rock mechanics, 

' Tu nn elling is essentially a hazaidous operation and appropriate Health, 
Safety and Environmental measures must be implemented, 

1.7 Open Cut vis^a-vis Tunnel Option 

Tunnelling is an expensive process. Cost of tunrve! excavation is several limes more 
than Ihgtof open excavation. However^ deep open cuts are associated with probtems 
of land acquisition, landslitfes and impose maintenance problems during operation, 
whereas propedy designed and constructed tunnels do not pose such problems. 

In view of these aspects of cost and maintenance, generally for non-urtan tunnels, il 
B preferable to fiostrtct depth of open cuts to about 20 m to 30 m. Beyond this depth 
the tunnel option is econombcal These considerations need lo be reviewed on the 
basis of local gnjurKl conditions, geology ar<6 cost-boncftl analysis. 
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2 PLANNING OF ROAD TUNNELS 

2.1 Pfanning and design of road ton nets require adequate Investigations and 
studies, as underground structures are alwayi^ assoqated with a bt of uncertalnijes- 
It Is preferable to carry out studies as listed below. MosI of these investigatioriis or 
studies can be parallel activllies. 

2.2 Assessment of Functional Requirecrients 

The starting point of planning of road tunnels is the Traffic Study which Idenlilios the 
volume and n^luro of traffic likely to be generated over the design life of the connecting 
road network. The study also identifies the complexion of traffic i.e. number ariid types 
of vehicEes likely to use the tunnel and the design speed of traffic. The number of traffic 
lanes required to be provided shall be decided^ taking into account the oulcome of the 
traffic study The need for fontpa^&fwalkways and their wefths shall atso be decided 
at Ibis stage, particulariy for urban tunnels. The miinimum verticai clearance shall 
be decided taking into consideration the local regulations and the height of loaded 
vehicles likely to pass through the tunnel, Ba^d on the traffic studies, preliminary 
design of ventilaBoo system and tunnel lighting shall be carried ouL The preliminary 
design of the side drains, which are generally located under the walkways meant for 
pedestrlans/maintenanoe personnel, shall also be carried out taking into oonskleration 
the quantity of ralnwater/seepage water likely to pass through the drains, 

2.3 Conceptual Planning 

The study of topo-shoete and maps of the area shall be carried out. Possitrie aHemafivo 
accesses to the tunnels shall bs concerved,. taking into account natural topography of 
the area. In populated area, many existing alternative accesses would be available. 
From various alternative options the access to be considered shall be one which 
causes the least disturbance to existing structures, infrastructure, etc. The alter native 
alignments shall be marked on the lopo-sheets and maps/drawings. From the contours 
longitudinal sections akmg the alignment shall be prepared and grades and levels of 
tunnels and probable looalions of tunnel portals plotted thereon. 

2.4 Rough Setting^njt of Alternative Layouts at Site and RDConnalssance 
Survey 

The topo-sheets end available maps of the area may not be up-to-date and may not 
exactly indicate the present position In respect of structures, roads, service lines, etc. 
For verification of the actual situation at the site, alternative conceptual layouts shall 
be roughly set out at The site and reconnaissance survey of the area shall be carriad 
out. Sattenl features of the area and local constraints such as habitation, structures, 
power iranamission Ifnes, pipelines, local roads etc. shall be noted and marked on 
the topo-sheeis/drawings. The feasibility of creating access roads for canstrudion 
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work, if not already existing, shall also bs examined. Necessary adjuslments and 
realignrnents in Ihe laycjut of the conceptual alternatives stiall then be made so as la 
avoid or minimize dtsturbanoe to existing slruotures, rnonuments etC- 

2.S PreliminarY Assessment of Geo-technical Condition^ 

As described in detail in a subsequent section entitled “Gco-technical InvestigatEons", 
data regarding general geology of the area as S'l/a liable vvith Geological Survey of India 
and similar organizations of the State Government shall be collected. After setting out 
ot the conceptual aUgnmenls of tiie tun net on the ground, geological mapping of ihe 
area shall be carried out Taking into account general geology of the area and Ihe 
data collected during geological mapping, preliminary assessment of geotectanical 
conditions that are likely lo be met with alorig the conceived alternatives shall be 
made in the form of a proper report. A detailed geological investigation followed, by 
adequate rock mechanics assessment eliminates surprises and design Inaccuracies 
which tXHutd result In cost escatation and time overrun. 

Z.$ Assessment of Impact on Environment 

The assessment of Impad: on environment during construction and subsequent 
operahon of the tunnels shelf be earned out for each alternative allgnttienl by availing 
of services of experts, A typical Environment Management Plan br various issues 
pertaining to the tunnel project is appended as 'Annex-B', Disposal of excavated 
muck is one of the maior environmental issues to be dealt with In TunneEling protect. 
In order to address this Is^e adequate artd suitable land for dumping muck excavated 
from the tunnel and open approach cuts shall be Identified and acquired. 

2 J Assessment of Socio-Economic Impact 

Assessment of socio-economic impact of the tunn^s during operational stage shall be 
carried out beforehand for each alternative alignme nt availirvg the services of experts. 
Fadors to be considered in this process would be resettlement, better access, cost 
saving, effect on the soda! and economic welfare of the community and connected 
Issues- 

2.8 Geametrics of the Tunnel 

2.8.1 The geometry of Ihe tunnel Is a very important as pect of tu nnel d esig n. The 
main objective of road tunnel design is to ensure sale transit of traffre for which the 
facility is designed, at least cost. The safety of traffic depends upon the geometries of 
tunnel i.e. its cross section, gradients and curvature. Generally a tunnel shall maintain 
the same geometrical standards as on the adjoining carriageways in the open air 
outside the tunnel. Where geometry is confined, such restriction shall commence at 
least 150 m frcwn the enlranca of the tunnel along with speed restrictionis. 
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2 ,8.2 CrosS'Secton pf the tunr^ei 

The cross section of a tunnel mainly depends tipo*! projected traffic volume, provision 
of ventilation system (if any), geology of area and provision for podestriart Iraffic, 
parti cularfy in urban areas. Considenng the geotechnEcal conditians likely to be met 
with, the traffic voluirte and functional requirements as given In Table 1 below, the most 
oconornical section sfkall be selected. The finished width of a tunnel depends upon the 
number of traffic Lanes required considering future projected traffic and the number 
and width of the footpaths / walkways, kerbs, crash barriers and drains required to be 
provided, 

Z3 Zf mth of t^e tunnel 

The lane width of 3.5 m (3.75 m for Expressways) shall be kept for highway tunnels. 
However, for urban areas the tane width may be reduced to 3.2 m- and even to 
3.0 m for low volume traffic roads. As far as possible the width of traffic lanes and 
off-caiTiagewayc in road tunnels shall be same as that on the adjoining carriageways 
in the open air, If the width of traffic lanes in tunnels is restricted sis compared lo 
the adjoining carrtagewaya in the open air, such restiictjon shall commence at least 
150 m from the entrance of the tunneJ along with speed restrictions. 

2. S. 2.2 Height of the tunnel 

The finished height ol a tunnel would depend upon the minimum vortical dearancoH 
which shall not bo less than 5,5 m. However for tunnel on road with low traffic volume 
(t may be reducied as per local reguEations and the height of loaded vehicles likely to 
pass through Ihe lunnol- Such minimum vertical clearance shall be available over 
the full width of the carriageway as mentioned in para 2.S.2,t above, in^spective 
of the shape of tunnel. Space required above the minimum vertical clearance lirve 
for accommodating tunnel ventilation and lighting fixtures proposed. If any, shall be 
provided aocordingly. duly considering the shape of tunnel proposed which in turn 
depends upon strata met with. 

Where tunnel cress sections of especially small dimensions are adopted duo tc various 
constraints, dimensional templates shall be erected outside the portals at Ihe point 
of entry so that vehicles larger than the permitted size do not enter and get stuck. 
Such templates shall be suitably strengthened lo resist Impact from over-dimsnsioned 
vehicles without gettirig damaged, but at the same time not unduly stiff so aslo damage 
the vehicles excessively. 

2M, 2.3 Shape of the tunnel 

tn case of' D’ shaped tu nnels, the geometry of the arch could be semi-drcular, segmental 
or multi*radiu 5 . The segmental or multi-radius arch is flatter and reduces the quantity 
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o\ excavation, concrete etc. Ho^ivever, under similar geotochntcal conditionSi semi- 
drcular ardi is structuraily more eflicie^ll as companed to segmental or multi-radius 
arch. 

2, 8.2.4 Bi-directlons!/uf}i-dfr$ctiOftof traffic funmat 

Fejt tun-nels orii km volume traffic roads^ bi-diredlonal two lane cfoeS'Sectlon shall be 
adopted, For roads with projected traffic volume exceeding 10,000 vehides/dayfEane, 
uni-directional twin tube tunnels each of twoEane, Ihree-lane or art the most fouf’-lane 
cross section shall be adopted depending upw volume of projected traffic. In case of 
twin tube tunnels the cleardislance between the tubes shall be between 0,5 to 2 times 
vjtdth of tunnel depending on the type of strata. Uie stresses generated end their effect 
on stabifity, 

2.9 2.S Fintsh^d section of funoef 

Taking into account all these factors along with function^ requEremenls as given In 
Table 1 below and geotechnical conditions likely to be met with, necessary geotnetry 
of finished section oftha tunnels shall be deteimined. 

* Cross passage as Egress between the two lubes 


Table 1 Table Showing Functional Raqulrorr>onts Based an Lengthwise Classifioatkm of 
Tunnets Having Bearing on Gflonwtrlc Design 


Classihcatton 

of Tunnel 

Single Tube Bi-Directional 

Double Tube Uni-Directional 

CP 

VN 

LG 

Te 

FS 

EG 

CP 

VN 

LG 

TE 

FS 

EG 

Short Tunnel 

Up to 500 m 

NA 

— 



— 

— 

— 

— 

PH-fM 

— 

— 


Medium Tunnel 
500m to 1500 m 

NA 

Yes 

Yes 

Yes 

Yes 

— 

Yes 

Yes 

Yes 

Yes 

Yes 

■It 

Long Tunnel: 
Above 1500 m 

NA 

I 

Yes 

1 

Yes 

Yes 

Yes 

Yes 

Yes 

1 

Yes 

Yes 

Yes 

± 1 


Lighting shali be provided for Urban Tunnels and preferably tor tunnels longer 
than 100 m in Non-urban area. 

■ NA - Not Applicable 

♦ CP - Cross Passage. 
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* VN ’ Ventilation, 

* LG - Lighting. 

■ TE - Teleptione at spacing of about 2CK] m 

- FS - Fire Safely - Fire eiitinguisher at spacing of about 50m 

* EG Egress (Such egress shall have minimum dimensions of 

2 m X 2,5 rn height with adequate ventilation &. lighting, and isolation 
from main tunnel through fire proof doors) 

Note 1: In case d long tunnete, prevision of relLge to part at leasts vehicles alatg i;he Jengthof tunnei with one- 
lane wkllh, proper informatory signs, Hransitigns end line pf Sight sh^B bg pt^nedatatBUl 7M m intSIfSls 
beyond live lefijrast lane. 

Note 2: In case rrf bwi tube lunneK each turviet lube wilh tfi^irecfesoai li^ cross passages ocnieding Ihe two 
tubas shsfl be planned at a spacing of 3fK) m. In ihe avertl of an incidertli'aciijent in [}na of the (tites, 
the olher tube shall be used as an esc^xidiascuo route by dr^/enifvg the liaffro through cross to 

the ertame right lane ol the olher tube, so as Jo dear Ihe tunnel in case of emergeriaes. The chks passages 
shall be aH an aogte of aboul 3D0 to ihe at^merift as shown n sketch below and shaB feve provision Ibr 
one tralfc lane, edge strips, dash barnefSiVeits and walkways on either side. In normal condikm enss 
passages shadi be barricdded. 

Nota 3l For installatkin erf fadliOes m expressway iLinnefs refMTabte«,01 of “Guidelines for Expressways-Votjnis 
^IJiDESiGN" 



PLAN 


11 

































IRC;SPr0l-2O1O 

Typicat sKeldiea Indicating tunnel cross sections tof bi-directional and uni-dlrieriional 
traffic conditions are given below. 


LEGEND FOn SYMBOLS USED IN SKETCHES 

Symbol 

Particitlals 

Unil 

Olmeniions 

A 

Traifk Une '(Afldtfi 

mm. 

As per design 

fi 

Pavement TlBck[ve55 


Type and Thkkrress rasper dsE^ requiremends 

C 

Pa(ve[^JeIl^ Camber 

% 

Around 2 perc&fti 

D 

EdgeSlJ^VWi 

mm. 

Minimum 500 foj Running Tunnels and 1000 (oi Cross Passages 

E 

Crash Barrier WldtJi 

nwn. 

Type and Dimensions as indicated or as per design 

F 

KerbWkjlti 

mm. 

Minniuin 5I!0 thick and I QOOtiigh 

G 

Drain Yi'aijeri^ay WirJlh 

mm. 

As per design and enough lo ecooir^rrcaate the FcoilpathJ WaSrway 
above. 

H 

Drain WbS Thcknesa 

jnrp, 

1 As p^ircteslgn 

t 

Dvain Floor IhirirnBss 

(wri- 

As per design 

J 

Drain W^teivvay Des4h 

mm, 

Asperdes^ 

K 

FootpaS^ / Walkway 
^abThldmass 

mm. 

As per design 

L 

Railing he^ 

mm. 

As per design 

M 

YfidlhoIMKaan 

mm. 

Asperdesiign 

R 

fta*ispf Roof Arch 

mm 

As per design 



n 
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Sketch Z- Section of Two Lane Uni'Directiorila TrofTic Tunnel 



arrAJT 


Sketch 3: Section of Three Lane UnI'Diriectionia Traffic Tunnel 



Sketch 4' Section of Four Lane Ltnl-DIrectionLa Traffic Tunnel 
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Sketch 5: SecUorii of Four Laos BFDireotionla Traffic Tunnel 

Note; If geolechinical contjllions prevent of above lection 0(4 lane bi-directibnal Tunnel, 
two separate tunnels of two lane unidirectional cross section as per Skaidh 2 above 
shall be adopted. 


2.0.3 Verf/caf afjgnmeni 

The gradient alor>g the tunnet length shall tie very gentie. Steep gradient affects traffic 
capacity, resulting in additional ernission by vehicles and makes ventiiaticn more 
diffloutt. The tunnel gradients are generally lirnited to 4^ percent in short tunnels 
and to around 3 percent it length exceeds 500 m. Where steeper gradients become 
necessary, the design of the ventilation system shall be done taking into consideration 
the effect of steep gradients and possible incidences of fire. Generally 3 high point 
somewhere in the tunnel shall be provided for efticienl drainage of seep&ge water. 

2.8.4 Horizontai alignment 

The straight alignment is generally preferred. However Ihe straight stretch shall not 
be more lhan 1&Q0 m in case of long tunnels to avoid the eflect of monotony and 
induclion of an unconscious increase In speed. For the same reason last few meters 
of the tunnel shall have gentle curve. The curves if provided shall be gentle and meet 
the minirnum radius requirements for the design speed of the tu nnel. Tunnel align nnent 
at Ihe errds and open/approach cuts shall merge smoolhty with adjoining road in the 
open air. In case of twin tube Lunnel. crossing central median shall be planned at 
suitable locations al approaches of both tunnots so as to allow emergency services 
gain immediate access to eilhar lube and also to send back diverted traffic to proper 
traffic lanes. 
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For bng tunnels the dfstance traveraed sJiall be suitably marked so that rrtotorists are 
aware of distance covered and remalifng distance. This is especially useful in tfnf>es 
of emergencies to give people a clear idea of distances involved tn both the directloni$ 
for fasl egress. 

2.9 Preliminary Assessment of Tunnel Supporting System 

Based on tl« geometry of the finished tunnel seclion and the anticipated geotechnical 
condilions along the alignment, a preliminary rough assessment of the need, type arid 
quantum of tunnet supporling systems shall be made. The supporting system shall be 
in the form of rock-bolts, shotcrete, steel ribs, forepolirig, pipe roofing and concrete 
iirting, separately or In combination. This preliminaiy assessrnent shall he made on 
the basis of past experlenis and supporting systams provided In other tunnels under 
similar conditions by engaging services of geotechnical experts. A combi naiion of rock 
bolts and steel fibre reinforced shotcrete [SFRS] with or without lattice girder is the 
present trend based on cost and time considerations and flexibility in construction. 

2.10 Collection, of Data on Construction Costs Prevailing In the Area 

For rough assessment of cost of different aftematives, data regarding cost of various 
construction materials and spedalized construction manpower shall be collected. 
Data in respect of oonstrucUon costs in general and costs of similar projects In the 
area shall also be collected. 

2.11 Preliminary EstimatJon of Cost 

Taking into account data on construction costSr quantum of fiirmel excavalion arnl 
supporting system and appurtenant works etc. preliminary esbrnate of the cost shall 
be made. 

2.12 ISelection of Alternatfve for Detailed Studies 

Technical feasibilily of each altemafive shall be assessed in Ihe light of physical, 
environments and other conslraints, Coristruclion costs of different alternatives 
shall be compared. Considering iherits and demenfo of each alternative, one of the 
alfemalives shall be selected for further detailed studies. 

2.13 Detailed Survey 

A detailed survey of the tunnel alignment for the selected alternative shall than be 
carried out. Drawings showing the longitudmal sections, crcss-sections and ctunlour 
plans along the funnel alignment shall be prepared. 
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2.14 Detailed Geotechnical Assessment 

For desi^rvers and constfuctore of lunnel, Uie ground ilirtsugh which the tunnel passes 
Is the conslrucSon mediumi As. described in details, in a subsequent section entitl-ed 
"Geotechnkal Investigations'^ reaiislfcc geotechnical and geophysical assessment of 
the ground through which Che tunnel would pass should be made. A detailed geological 
mapping shall also be carried out based on the investigations. 

2.15 Detailed Design of the Tunnet Supporting System 

Geotechinical informaEkm and data should be used to assess the loads that are 
Sikety to bo caused on the periphery of the tunnel. Section of the Eunnei shall then 
be analyzed by empirical end/or numrencal methods and need; type and Quan.tum of 
necessary supports be determined, as described in detail, in a subseQuent section 
entitied “Structural Designs", 

I 

2.16 Deta iled Design of Permanent Venti lation ah d Lighting System 

Taking Into account the ler^gth, shape, size, tunnel environs and the complexion of the 
likely traffic for which the tunnel has been designed , detailed dcsigri of the Vaniiiation 
and the Lighting System shall be carried out by experts, as described in detail, in a 
subsequent section entitled "Ventilation and Lighting". 

2.17 Design of Drainage System 

2.17.1 In order to trap rainwater from hill slopes and prever^t it from flowing into the 
approach cuts and the tunnel, suitable catch water drains shall be provided above the 
top of sides of the open/approach cuts and above excavated portals. 

2.17.2 In the open/approach culs diaoontinucus kerbs shall bs provided to 
demarcate Ihe edge of the carriageway. Beyond the kerbs, side drains with adequate 
waterway shall be provided in the open/approach cuts. 

2.17.3 Inside the tunnel, suitable side drains ^all be provided behind the kerbs/ 
crash baniers. Suitable drain pipes, going through the kefbs/crash barriers shall be 
provided to lead seepage and wash water to the drains. The drains shall be tacaled 
below tile walkways meant for the pedestrians and rnaintenance personnel, as 
shown in the sketches below. The carriageway shall have suitable camber to facilitate 
drainage into Ihe side drains. In case of bl-diredlonal tunnel, the camber shall be 
from the centre Outwards and In case of uni-directional tunnel from high speed lane 
towards iow speed lane. The vertical profile shall facilitate self draining of tunnel by 
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pnovidirtg high point somewhere in ihe tunnel. However, for tong tunnels this may nol 
be possible and detailed drainage system shall be designed by providing surmps and 
combination of seif drain.!ng and pumping arrangements. 

2.1 7 A The bf ack topped road surface inside tun net. -general ly con stmcled on rocky 
subgrade, gets damaged due to seepage water and creates sever problem tor surface 
drainage. Hence the pavement inside the Monet and in approach cuts shall he of high 
peilorinance pavement concrete. 



Details ot Crass Bariier/Kerb with. Poothpalh Walkway 


2.18 Tunnel Furnishings 

Provisicin for installation oF tunnel fumahings such as sign boards, fire fighting 
anangement, cable trays for letephcne and power lines etc. shall be made in 
oonsuttation with relevant local authorities, 

2.18 Aesthetics 

The tunnel portals and other components shall be suitably designed with particular care 
for good aesthetics, pleasing geometry, shapes and proportions, patterns, teJttures, 
colours, elc. For important tunnels, particularly in urban areas, spedaily designed 
internal paneiing may be thought of for alt internal surfaces, which would be amenable 
for easy deaning. Improved acoustics and sound absorption as well as enhanced fire 
resistance. Muck dunnplng areas shall be suitably dressed to proper stable slopefS, 
shapes and turfed/landscaped to improve the environment and aesthetics. 
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2.2Q £elecltan of S uitab te C onstrudion Te ch nol ogy 

Various Tunrtelling technologies have been described \n broad delatls in. sub&equer\i 
section Htted "Methodoiogy of Tunneiltng^ Choice of suitable ■consbucBon te-chnc^ogy 
wouid depend on many inter-related aspects. Environnrujntal considerations may 
dictate Ihe necessity for use of ooniroiied bfasling teohniqr^es or no-blast techniques, 
Time constrainls also may caiE for use of faster methods of Tunnelling as desjCnbed 
under no-biast techniques, in Tunnelling, stand up lime of foe strata is an importartt 
factor for deciding advance of foe tunnel in each cvcJs. In strata vAG) long stand up 
timer Tunnelling can go on without constraints with longest possibio advances. Al the 
other end of the spedrum, is the ground with stand up time so iow, that Tunneliirtg is 
required lo be carried by dividing and tackiing the face in parts,Taking inb account the 
environmenlai aspect, cost considerations, dme aspect and the nature of the ground 
through which the tunnel would pass^ the most appropriate Tunnelling technology 
shali be selected. 

2.21 Statutory Clearances and Approvals 

All necessary statutory clearances and approvals shall be obtained before taking up 
construction. These shall Include at minimum; 

a) Environ menlat and Forest (if any) clea ranees, 

b) Permission for bfasti ng in the area. 

c) License for storage and handling of explosives, 

d) Acquisition of right of way, 

e) Approvals from Fire authority In cese of urban tunnels 

f) Clearance from PoUution Control Board 

2.22 Detailed Estimation of Project Costs 

Based on the data on cost off required construction materialSr ownership and operation 
cosi of plant and equipment, cost of manpower, construction technolcsgy required to 
be used and time required foroompfsticn of Tunnelling operatbns, detailed analysis of 
cost of all the items of work should be prepared and total cost shall be analyzed. 

Z.2Z Project Implementation 

Upon completicin of ail these activities and steps, foe project proposal would be ready 
for further processing, if any and implemenlatlon 
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3 GEO-TECHMiCAL INVESTIGATIONS 

3<1 Site spectfK: geological Donditions along a lurinel alignment play a promlnenit 
role in influencing major ttedatons regarding planning, designing and construction e.g, 

* Alignment and portal locations 

* Shapie of the tunnel 

* Tunnel supporting systems 

Minimum distance (o be kept between twd tunnels 
' Methodology of construction of tunnel tnduding risk assessment 

* Construction method and treatment of op«n cut/slopes 

The starting point of all these designs is knowledge in respect of the behavior of 
the Tunnelling media-likely to ^ met: with during Tunnelling. It is therefore very 
important that appropriate geo-techntcal Investigations are conducted early In the 
planning process. The objeotfva of geological investigations is to understand the 
history, topography, geology, environmental setting and the engineering properties 
of the underlying strata. The geotechnical information regarding nature of ground, 
groundwater conditions, engineering and other sdentific parameters is essential for 
anticipating ground behaviour which is useful to select tunnel shape, size. eKcavation 
method & the support system, and other essential parameters for a cost and time 
effective tunnel design. 

3.2 Relevant Strata 

For designers and constructors of tunnels, the ground through which the tunnels 
pass Is the oonstructior medium. It is therefore necessary to have fairly realistic 
geotechnical assessmsnl of the construction media and its- environment. The most 
important consideration is the condition of the ground mass just above crown of the 
tunnel (generally for a height of 2 times width of tunnel) and at the level of the tunnel 

3.3 (seo-technical Investigations 

The methods available for carrying out geo-technical invesligations are 

■ CollecUon of available data regarding Regional and Local Geology of 
the area 

* Detailed mapping of surface geology of the tunnel area 
» Geophysicel studies along the allgrtment of the hjnnei 

■ Exploratory baring and/or Dnftingr In-situ testing 
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Besides the above, additional data shall be collected during actual construction as 
given in para 3-4, 

3.3,1 CofiscUon of avaiiable data negandj'ng r&gionat and looat geofogy oi th& 
area 

Data regarding General Gedogy of trie project area shail ba collected from 

a) Site reconnaissarice s^jrvey to collect information on geological 
leatureB. 

b) GeoJogical Survey of India and similar organizations of the State 
Government, 

c) Nearby Er^girveering Institutlon-s and Engineering Projects in the 
vicinity, 

The data collected shall i nclud e general idea of in-silu stresses i n the ground formations 
of the region, which is required for assessTnent of rock mass quality. 

3.3.2 Dai&fted mapping of surface geotogy of the tonnef area 

After conceptual alternative alignments of the tunnel have baen set out on the ground, 
geological mapping of the area should he carried out to observe and to make note 
of geological features such as type of strata, existence of outcrops, dip and strike 
of strala, discontinuities, folds, faults, ground water regime etc. Taking into account 
general geology of the area and the data coilecJted during the study of surface gedlogy, 
a preliminary geological map shall be prepared and preliminary assessment of geo¬ 
technical corvditions that are likely to be met with, along the alternatives shall be 
made, These studies along with other preliminary studies would help in arrivirtg at the 
technical feasibility of each alternative, rough cost of each altemativo and selection of 
preferred alignment for further deiatled studies. 

3.3.3 Eflpfomtory boring md drifting 

3. 3.3. T £>etemr™fKJ/] Of tecafrons of bore hcfes 

Locations of exploratory bore holes shall be dedded considering salient features of 
the ground profile above toe tunnel, preliminarily assessed geological conditions and 
the likely location of toe portals conceived on the basis of the preliminary geolog-icat 
map . If the profile of the ground above the lurinel is accessible artoformations are likely 
to be fairly uniform the bores shall he generally taken at an interval of about 200 m. 
If the formations are likely to be rieterogonoous the borehole interval shall be reduced 
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to 100 m. IJ any specific geologtcal Feature is encountered addrLional bores shall be 
taken. If the profile of the ground above the tunnel is not easily accessible nearest 
accessible tocalon shall be chosen. In any case, even for a shorter length tunnel, 
minimurn three bc^res shall be taken, one at each portal localion and third in the 
middJe. 

3 . 2 GeG-iechniosti assessment by expforatory boring 

For realistic geo-lechnicat assessmetn of the ground, exploratory bores shall be drilled 
lo a depth of about 5 m below the expected level of invert of the tunnel The cores shall 
be collected from the relevant strata as defined above in para 3.Z above. Boring shall 
be carried ouf using at least NX size coring bits end using doubic'tube core barrel 
In norma! siluations and triple-tube core barrels in vreak rocks, fault zones, shear 
zones, crush zones, folded rocks etc. Use of triple tube cone bemel helps preventing 
mechanical breakage of reck ceres due to rough handling. 

3. 3 . 3 . 3 ObsCfV^iions ^nd fesfs to be made during boring operations 

During boring operations, following observations shall be made and tests shall be 
carried out: 

1J Plate of penelration in eat* 1.5 m drill run: 

The rate of penetration gives a broad idea about toughness of Ihe 
strata. 

2} Locations, if any, where rate of peneUalion changes suddenly: 

Sudden change in the rate oi penetration indicates change in the type 
of strata, if the drill string suddenly drops, it will indicate presence of 
hollow joint/cavity or joint with very soft mabix. 

3) Quantum of drilling water: 

Flow of drilling water going Into the dritl hole and water flushing out of a 
drill hole shall be rronltored conlirruously. Sucklen loss of drilling water 
indicates presence of open dry jolnis or fractured zone. Increase in the 
rate of diilllritg water flushing out of a drill hole indicates intersection of 
groundwater table. Sucklen large increase in the rale of drilling water 
flushing out of a drill hole would indicate artesian conditions. 

4) Colour Of drill water/sludge: 

Observing carefully the colour of drill water/sludge coming out from the 
borehole ts important as it gives idea about the lype of strata In which 
bore is passing. 
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5) PermeabiNtyi 

Permsability of rock slr^la is Eh& amount of flow of water through rook 
mass when jt is saturated. Generally one pamneabilily test shaii be 
carried out in each 6 m tier. However, one test shall te carried out ir^ 
each 3 m length of (he borehole in the reievant strata, using Double 
packers and using falling and constant head methods 

The drilling data shall be recorded in the proforma given in the 

Annex-C. 

3. 3j3. 4 Prasen/afjon of cores sarnpte’S 

As soon 3s core is removed from the core barrol all pieoes of core must be immediateEy 
numbered serially, their depths end sehaE numbers painted on them and their lower ends 
marked so as to ensure that all pieces are kept in correct order exaclJy representing 
the depth from which (hey have been obtained. Lengths of all pieces of core shat! be 
measured and recorded irt the daily drill report. Cores shall be imrrbedtately placed in 
core boxes made according to standard specification, and all the necessary information 
such as (he name of the project, location of drill hole, drill rneterage, drill hole number, 
etc. shall be painted on the box. The cores of some soft and weak rocks disintegrate 
on exposure !o atrrro^here. Cores of such rocks when raised to the surface should 
be covered with a thin layer of wax by immediately immersing it In melted wax for 
preventing its exposure to atmosphere. Such waxed core remains intact indefmitely 
and the nocks in their true form as they occur In-situ are seen in die core and not In the 
misleading di^nlegrated foori. The core boxes shall be preserved till three years after 
completion of the tunnel and after it is put to use. 

3r3.3.5 Obs^fv&tions to be made on the cons samples 

FoJIowirrg observations shall be made by an expert geologist: 

1) Lithology 

Lithology will be useful to study the origin, formation, mineral 
composition and classification of rocks. Study of core samples would 
enable identification of nature and classification of the formations. 

2) Nature of joir^ts In lha formations 

A core would norrralty break only along pre existing divisional planes. 
However, due to vibrations during driHing, particularly with a defective 
machine or defective operation, core may also break even at places 
where joints do not exist. It is rn3cs3sary to distinguish between fractures 
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dtre to jointmg and mechanicaf fractufes cau^etl by fay tty drilling, by 
examining tfie fractyi'e surfeces. Insp&ctfon of the care samples would 
also enable Identification of location, orientation, spacing, tti.icf(riess and 
physical condition of joints, their tightness or openness and roughness 
and alteration of joints in ihe formations and type of Infill material. 

3) Core recovery and RQD 

A core recovery is the percentage of total length of cores otilained as 
compared to the total section cored indy ding lost cored sedfons i.e, 
core run The RQD ~ Rock Quality Designaiion is the percentage of 
cunnulative lengiti of pieces of core longer than 10 cm obtained From 
a total section cored i.e, core ruor RQD ts normaily assessed and 
recorded for each meter of the core run. These ohservatioris help in 
assessment of the strata in respect of jointing and other disturbances. 

3.3. 3.6 Tests on core samples 

Following tests shall be carried out in a competent laboratCHry. At least five samples of 
each lithological category should be tested. If the lithology [rKllcaias that the relevant 
ground mass is only of one category, at least a loUil of ten samples from different 
levels shall be tested. 

Unoonfined compressive strength and hardness 

■ Maturai and dry density and specific gravity 

■ Rate of water absorption and porosity 

' Young’s modulus of elasticity 

- Poisson's ratio 

' Tri-axJal strength (for structurally dislurhed rock formation) 

’ Petrography - Hand and ihlaoscoplc petrography 

' Tensile strength - (in completely geologically disturbed area) 

3.3.3.7 G^o-tGchnicai assessment hy exca vafiitin of oxp/onafory dnfts 

Sometimes, whena tu-nnat passes below a high mountain, boring of exploratory holes 
to cover the relevant strata becomes impraclicable due Do the excessive deplh of 
boreholes. In such a situation as also to gain informatkifi in respect of the hidden 
geotogical features along the alignment, geo-tec^nical assessment is earned out by 
excavation of tunnels of small cross-sectioi called exploratory drifts. These drifts give 
an idea of the nature of strata likely to be met wilh. 
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Such infonnaUon collected from drifts, v/hich are at shallow depths fram the ground 
surface, shall be used only by a Tunnellmg expert In associafion with an experiencetf 
geologist since the behavior of rock masses under small cover tn drifts is signirwc^anlly 
different than the behavior of the similar rock masses at higher depths actually 
encountered during lurnelling. 

3 . 3.4 Geo-fecrirffca^ essessme^if by geophys/oa/ meffrods 

Initial geophysical assessment followed by a quanlilativG geological investigation 
programme often provides reliable infonnatimn in a short time. 

3,3.4. f EKploratory boring gives detailed information of the geological fornations 
at and around the location of the boreholes. However, when a tunnel passes below 
a high mountain, boring of exploralory hol^ to cover the relevant strata becomes 
impfacticable due to necessary excessive depth of boreholes. In such a situation as 
also to gain informafion in resp&d of the hidden geologfcal features along the tunnel 
alignment, geophysical melhods should be resorted to. Geophysical surveys enable 
in-stto determination of engineering properties of the strata such as profile of the strata, 
hidden faults, discontinultfes and voids, groundwater, elastic moduli and density etc. 
Most often, these techniques do not directly measure the parameters and the same 
have to be developed from the kinoMii geological data and the measured geophysical 
contrast. Geophysical methods give qualitalrve assessment of the engineering 
properties and do not provide quantitative results as are available from exploratory 

borif>g. 

3.3. 4,2 Some Of mefthods of geophyskai studies are 

“ Seismic Methods 
* Electrical Resistivity 

33.4.3 Seismic Trelhods are the most commonly used methods of geophysical 
surveys for engineering Investigations. These methods are mainly based on application 
of analogies of opfical laws to seismic wave propagation. Seismic refraction and 
reflection provide engineers and geologists with the most basic geological data 
via simple procedures with common equipment. Seismic methods of subsurfaco 
evaluation involve the generation of pulses of energy, usually at Ihe ground surface, 
consistir^ of compression, shear and surface waves lhat propagate through the 
ground and are either reflected back toward the surface, or are refracted at and travel 
along lithological boundaries. The wave energy which returns to the surface js picked 
up by gcophones placed at the ground surface. The geophonss convert Ihe wave 
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e^nergy to an electronic signal which Is recorded on a 3Eisn>ograph. Refracted waves 
travel along the interface of lower density material overlying higher density material, 
for example sediment overlying bedrock. The speed of wave propagation of refracted 
signals changes along the path, traveling at relatively slow speeds in the sedimenit, 
at higher speeds along the bedrock Interface, and slow speeds again as they retorn 
to the surface. Refracted waves can only be detected at the surface fw situations in 
which higher velocity material underlies low velocity material. Reflected waves travel 
downward until they meet an interface between layers of differing density. The speed 
of wave propagation is constant at the speed of Uie overlying material. In tho case 
of sediment ovedying bedrcfck, the wave will travel at the slower sediment speed. 
Surface waves are the portion of the seismic energy pulse which Iravels along the. 
surface of the ground direclfy to the geophone, 

3.34.4 Electrical resistivity method generally enables broad mapping of rock 
surfaces below, up to a depths of about 30 m. Electrical resistivity is a method for 
assessment of soil and rock and vertical and horizontal discontinuities therein, 
in by observing Its resistivity and disoontinuities In their electrical properties. 

Distribution of eledrical potential in the gnourid around a cumefitKarrying electrode 
depends on the electrical resistivities and disposition of the sunounding soils and rocks. 
Grains of soil and rock are essenliaify rMwicondudive except those of metallic ores. 
Therefore the resistivity of soils or rocks piimarity depends on the anfwunt of pore water 
and the arrangements of the pores, Maleriele wtth different frthology therefore have 
different nesistivrty. Igneous rocks have the highest resistivities while sedimentary rocks 
tertd to be most ooiKluctiv© because of their high water content and metamcnphiG rocks 
faH ffvhetween them, interpretation is carried out by qualitative comparison between the 
resis&flty measurements observed In the field and the hypothetical models or on the baas 
of eropirical methods. The Electrical resistivity method makes use of this principle. 

The usual pracGca in the field Is to apply a direct current or alternating current of low 
frequency through two electrodes impf anted in the ground and to measure (he dEfference 
of potential between two additional electrodes that do not carry current, also implanted 
in the ground, a few metens away. The differervee in the electrical potentiaj Le. resistivity 
of the ground between the two types of electrodes as above, is measured. 

3.4 Corroboration of Data D Uf ing Co nstructlon 

Data collected during planning stage shall be got corroborated by following additional 
investigations during actual constiuction. This will help in nevalidating the initiai design 
or for making any course corrections required. 
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3.4.1 Advance probing hofe 

Horizontal bore holes of su4abte length shall bo drilled aE. regular intervals at tunrwl 
faces to gather geological infornriaiion about strata ahead of the face. This infoirnaiion 
shall be used to plan further Tunnelling operations and changes in design, it required. 
Adequate advan.ce precautions shall be taken in case largo ingress of water Is 
encountered frorn the probe bole. 

3.4.2 Scisitiic method as described in para 3.3.4.3 above can also be used for 
advance probing by detonating very small explosive charges on the tunnel face and 
mapping the reflected^refracted waves (o gat sOTue idea of the sliata ahead. 

3.4.3 Tufrnef /nsfriimerTtabon 

Irv-situ stress measurement is useful in long mountain tunnels. Adequafte tunnel 
instiumeniaEjon program shall be adopted for ohaervatton and monitoring the behavior 
of excavated faces/surroundingsi especially the slate of in-situ stresses. The purpose 
of instrumentation is to confirm that actual behavior of Ihe Tunnielling media is similar 
to the one assumed in design. Any variation from the design assumptions shall be 
considered for correetton In design durttig construction and for improvirrg safety 
measures. This aspect becomes more important in poor rock masses. The information 
on Inslru mentation is given in Annex-D. 

3.S As^eeamerit of RMR S Q 

Study of cores and data collected from surface and subsurface observations shall be 
used to evaluate parameters required for Ihe assessment of RMR and Q described in 
details in the section titled 'Structural Design'. These indices are useful for assessing 
the characteristics of various lithological units. These two parameters are also used 
tor assessing method of excavation, support requirefrvents, anticipating tunnel 
deformations and construction problems. 

The Dotlected geological information should be used to prepare a geological L-section 
of the tunnel. This L-seclion must cover the tilhological units, geological discontinuities 
with strike and dip direction along the tunnet axis. 

3i6 Drawings to be prepared 

Lithological Section i.e. iongitudinat section along the alignmerrlofthe tunnel and its 
appnoadi/open cuts showing tocation of the boreholes shal I be prepared, incorporating 
therein ell the relevant data collecfod during the geo-fochnical investigations. The 
lilhdiogical section would give an idea about the spread of different fcurmations 
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along the tunneJ alignment, together v^iih expected Reck Ma^s Rating/CIassificatioh 
(RMR & Q) lo reasonabte accuracy. The geophysical infomiadon shell be used to 
supple^nent wherever necessary, to prepare a geologicat L - section, of a tunnel, 


4 STRUCTURAL DESIGN 


4.1 Preamble 

In lunneiririg, Struclufal Design is required for 

Deciding the geometry of excavated periphery of the tunnel 

Design of tunnel supporting systems 

Deciding on the minimum distance between adjacent tunnels 

The basis or the starting point of all these designs is the assessment of applicable 
loads. Fof arriving at the quantum of these loads,, it is necessary to have sufficient 
knowledge in respect of the strucbjral properties of the ground likely to be nniet with 
during tunneiling. Such knowtedg# Is obtained by oanying out detailed geological 
and geotechnical sludles, as set out In the section dealing with 'Geo-technical 
Investigations'. 

The rock mass through which a tunnel is drtvon could vary from a strong massive 
formation to fesured, jointed and weak formation. Depending on the irrsitu stresses 
and olhw characferistios of the formations, the periphery of an underground opening 
starts showirtg signs of deformation. In massive strong formations with low in-silu 
stresses, the deformations could be insignificaot (less than 1 percent of the excavation 
size} needirig no supports as against the fissured, jointed and weak formations needing 
heavy support. 

The tunnel supporting systems are divided into two major categories vEz, Immediate 
supports and Ultimate supports. The rock mass through which a tunnel is driven 
could vary lirom a strong massive formation to fissured, jointed and weak formation. 
Immediate support pressures are small in: strong rocks, but high in weak rocks. 
The ultimate support pressure is 1,7 times the immediate pressure irrespective of 
the rock type. Rock mass rendered wilh proper Immediate flexible supports allows 
development of just sufficient deformation and self-adjustmant without loosening 
the rock mass and results in generation of minimum ultimate pressures. In roassiva 
strong formations wilh low in-$itu stresses, the deformations could be insignificanl 
needing no supports as against the fissured, jointed and weak formatiohs needing 
heavy supports. All methods of tunnel eKcavalion and support systems presently 


27 


IRC:SP:91-2010 


used, allow some degree of deformation in the surrounding rodk mass. Present- 
day approach is to reinforce Ihe existing rock mass to the extent possible rather 
than providing ii wilh stiEf fibs with lagging with packing behind. When advanced 
constfuction techniques such as NATlVl are used, the design scheme and the 
construction schome go dosel/ hand in hand ^nd both hava to be developed in a 
holistic manner. 

This section covers the structuraE design of immediate as well as ultimate tunnel 
supports. As per current practice, immediate supports comprise of rock holts, plain and 
reinforced shotcrete with or without lattice girders embedded in H and ultimate supports 
oompfise of plain & reinforced shotcrete with or without lattice girders embedded in it. 
Concrete fining with or without steel ribs aobedded therein aie generally used in weak 
rocks, where high pressures are developed 

There ts a third element of limie', irt additloni to pressure and deformations, which 
particularly affects when the ultimate support should be provided. The elemreni of 
Ume is ocntroEled by the rock type. Time elernent is often considered in terms of face 
advance. Deformations in strong rocks stabilize eariy, generally within a distance of 
3D where 0 is (he diameter of excavation size. 

4.2 Study of R^tevaiit Strata 

4.2.1 Structural design of tunnel requires a thorough study of the following, 

* Geotogy of the ground mass 

* Effective cover 

' Stress-strain characteristics 

» Mechanical characteristics of Intact ground mass 
' Ground water conditions 

4.2.2 The design shall he based on the most adverse combination of probable 
load Donditlons, but shall Indude only those loads which have reasonable probability 
of simultaneous occurrence. The methodology of construction is an importanl factor 
In structural design, particularly in case of soft strata and soils. The loading oondltieng 
vary from construction Blage to operation stage A maintenance stage and the design 
shall be chedted for loading corydUions during these stages. 

4.2.3 The parasgiven below In this section pertain to tunnels in rock.Tha structural 
design of tunnels in soft strata and soils is nolrxivered In this section. 
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4h 3 Various parameters to be considered 

4.3.1 From observations made dutiri'g exploratory boiring 

* Location of grou nd water table 

4.3.2 From observations made on core samples 

* Core recovery ^ind ROD 

■ UUTiOlogy i.e. type of strata 

* Spacing of joints 

* Tightness or openness of joints 

* Thickness of pints 

* Orientation of joints 

» Roughness of pints 

' Type and thickness of infi || material of the joints 

4.3.3 From data obtained from testing of core samples 

* Dry density and spedfjc gravity 

' Unconfined compressive strength 

■ Natural a id dry density 

* Rale of water absorption and porosity 

* Your^’s modu lus of eiaslicitv 

“ Poisson's ratio 

4.4 Assessment of Rook Mass 

4.4.1 Based on the data cotlecled in respect of fhe parameters enumerated in 
para 4.3 above, assessment of rock mass shall ha carried out in accordance with the 
following Methods: 

- Method based on Rock Mass Rating f RM Rj a s set out in 1 ndlart Sta ndand 

IS 13365 [Part Ij; 1992 

Method based on Ruck Mass Quality [Q] as set out in Indian Standard 
ES 13365 [Part 2]: 1&9e 

These melhods are further eiabocated below. 

4.4.2 Method based on Rock Mass Rating [RMR] as aet out in Indian Standard 
IS 13365 [Part 1]: 1992 and support design base thereon. 
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In this nietliod foIbwSng geo-mechanical properties are assessed ^nd ratings m the 
form of points are allotted as indicated in detail In Appendix-I & II; 

I) Strength of intact rock material [MPa]: 

This Is the same as the Uni-axial compressive strength. 

It) Rock Quality Designation- [RQD]; 

Rock Quality Designation indicates aggregate percontege of intact 
pieces of core that are more than tOD mm in length when compared to 
the total length of cores. 

III) Spacing of DisoonSnu ilies (mj: 

Spacing of discontinuities nteans spacing ttetween joints. 

IV) Condition of Joints:, 

Condition of joints indicates degree of roughn'Bss of joints, 

V) Ground Water Condition: 

Assessment of ground water condiitofl is mado on the basis of quantum 
and pressure of ground water in the jiSnts. 

VI) Rating adjustmeht tor joint orientations: 

Assessment of odenlafion of joints vis-^-vis diredion of tunnel 
excavation is made taking into consideration as to how rruch favourable 
is the orienlation for lurnelling Uirough. 

Ro<^ Mass Rating (RMR) Value is the sum of the ratings as per T to Y above. Adjusted 
RMR is total of T to Y' above plus adjustment as per "Vi' above. 

Methodology for arriving at the RMR Values is set out in Appendix-li. An example for 
detennination of RMR is given In Appendix-lV. 

4.4.3 Method based on rock mass qualify [QJ as set out in irrdian Standard 
IS 13365 [Part 2]; 199fl and support design based tftereon. 

In Ihis method following geo-mochanical properties are assessed and rating in the 
form of points is allotted as indicated in details in Appendix-ltl: 

a) Rock Quality Designation [RQD]: 

As defined in 4.A2 [11) 

b) Joiriit Set Numtre r [Jn]: 

"Jn' Indicates the number of jofni sets 

c) Joint Roughness Murhbef [Jr]: 


30 


IR&SP’91-3010 


'Jr' indicates condition of joints in terms of degree of roughness of 
joints 

d) Joint Alteration Number [Ja]: 

'Ja' indicates condition otteints in terms of degree of alEeraticm of vwalls 
of joints 

e) Joi nt Water Red uction Factor [Jwj: 

■Jw' is a measure of water pressure, which has an adverse effect on 
shear strength of joints. 

f) Stress Reduction Factor fSRF]: 

SRF is a measure of 

1) Loosening pressure in case of an excavation through ^ear sons 
and ctay bearing rock masses, 

2) Rock ^-tress in a competent rock mass and 

3) Squeezing or swelling pressure in incompetent rock masses. 

Rock Mass Quaiity [Q] is arrived at on the basis of the following 
formula: 

[Q] " ( RQOMn ) X (Jr/Je ) x { JwfSRF) 

The 'Q' value combined with tunnel excavation width is used to anticipate rock mass 
behaviour and degree of safely. 

Methodology for arrivtrtg at Ihe rock mass quality [Q] is set out in Appgndix4IL An 
example for delermirtotion of rock mass quetrlv IQ] is given in Append ix-IV. 

4.5 Melhodnl o^ies for Design of Tu nnel Supports 

Three broad methods are available for design: 
i) Empirical Methods 
it) Analytical Methods 
ill) Numerical Methods 

4.5.1 BTTp^rfca/meteods 

Various empincaJ rules have been developed over the years for characterization of the 
rock mass. Terzaghi was the first to formulate a rational empirica! method ciassiFIcation 
for evaluation of nock loads which are used for design of steel supports, Rock mass 
assessed by Method based on Rock Mass Rating [RMR] and by Melhod based 
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on tunnel quality index 'O' are coiisidened more realistic as these methods take 
into acoount varitwjs variable parameters related to the concirtiQns of the strata. Q 
system is more appropriate for tunnels in rock. Both these methods take mto account 
VEiy simitar geo^meohanical properties of rock mass, self supporting capacity of the 
periphery of tliE opening and the reinforcing effect caused by the supporting system 
Since Ihe&e n^thods are empirical, they need to bo used very carefully and correlated 
wilh past experienc^e. 

A) Terzaghi's empiricai method for assessment of rticfc load for design of steei ribs- 

Torzaghi's rational empirical method ciassEficalion for evaiuating rock ioad was 
subsequOEitly modified by Deere et ai. [19701 and Rose [19821. Tei^ghi's ciassificalion 
and evaiualicm of rock Loads wilh subsequent modifications^ whidi is currently in use, 
15 given in the labie befow; 





Rock load Hp [ ft 1 

Rock Load ffpi[ ft 1 


Condition of Rcicl: 

RQD 

Afler TerzaghI 

After Rost 

1) 

Intact 

95-1D0 

Cl 

Same as Terzeghi: [tW6] 

2) 

Hard &lrBtjJie& 

90-99 

lOtoC.S^B 

Sarne as Tetsaghi 119461 

3) 

Misave. Mcderately Joinled 

B5‘B5 

[Dt] 0.251 B 

SameasTorjaghl |1946] 

4) 

T^oderately btocky S ssamy 

75^ 

[l>25 0toO.3S|M 

D:25B Eo&20[B+Hj 

"^] 

Vary tiocky &. Beamy 

30-T& 

[0,35-tcH,1D|[B^H] 

IDjMtoOefl] [B*K] 


ComsfetelycnjBtied bLrtchen«ally 
intact 

a.30 


Ip.eDlo i10l P+H| 

fie) 

Sart 3; gravel 

(KJ 

Wotgivefli 

[1.1Dlo01.40j[BtK] 

7) 

Squeezing roc*, mcxterale deplli 

I4A 

[t,1atD^10l[B■^+^l 

Sarne as Tazaghi [1946] 


Squeezing tiKk, jreat depth 

NA 

^2.10t^^4,SO][B^■Hl 

Same a&Ter7aghi|l946] 

9) 

Siwelfog rock 

HA 

Upla 250 It. [30 m] irrespective 
ofV^reof0«LH 

Same as Teiza^i j1946] 


Values for type 4, 5 & 6 reduced by Rose by about 50 percent from Tergasbi^s values 
because water table has little effect on !i>ad [Terzaghl 1946, Brekke 19&B] 


Rock load ‘Hp' in feet of rock on roof of support in tunnel with width ^ 1 an'i height 
' [ ft 1 at d epth nwre than 1,5 fB+Hl; M A - Hot Applied ble. 

Terzaghi's values of rock loads are found lo be more conservative' today, due to 
improvements in Tunrvelting tedhrsoiogy. 
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8) Estimated Support Categories based on Rock Mass Rating [RMR]; 


Adjusted 

Ratings 

□nginal RMR Rating 

9C400 

30-90 

70^0 

6&-70 

50-60 

40-50 

30J10 

20-30 

10-20 

0-10 

70-1W 













a 

a 

a 

a 






40^50 i 



b 

b 

b 

b 





30-40 




c, d 

c, d 

c.d. e 

d. e 




20-30 






i.g 

r.g.j 

f.h,i 



10-20 






i 

i 

h, IJ 

h.j 


O-fO 








k 

1 

, 1 


a) Generally no support, t?ut pint inler&ectiona may require local bolting. 

th} Patterned, grouted bolls at 1.0 m spacing. 

c) PattGrnod, grouted bolls at 0.75 m spadng. 

dj Patterned, grouted botts at 1.Q m spadngf and shotcrele 100 mm 
thick. 

e) Patterned, grouled balls al 1 .□ m spadrvg, and massive concrete 3£>Q 
mm thick; only used If stress changes are not excessive. 

f) Pafemed, grouted bolts at 0.75 m spacing, and ahotcrete 100 mm 
thick. 

g) Pattorned, grcKited bolls at 0,75 m spacing, and mesti-relnforced 
shotcrete 100 mm thick. 

hj Patterned, grouted bolts al 1.0 m spacing, and massive concrete 
450 mm thick; if stress changes are not excessive. 

i) Patterned, grouted bolts at 0J5 m spacing, and mesh-reinforced 
shotcrete 100 mm thick, plus yielding steel arches as repair technique 
If stress changes arc excessive, 

]) Stabilize with wire mesh cover support and massive concrete 450 mm 
thick; if slress changes are not excessive. 

k) Stabilize vnlh wire noesh cover support followed by 100-150 mm 
shotcrete (Including face if neoassary), plus yielding steel arches where 
slress changes excessive, 

l) Avoid failure devalopmenl in this ground if possible; otherwise, use 
support syslems J er k. 
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C} Estimated Support Cslisgofies t?a$od on Rock Mass Quality ’Q' [Atter Grimstad 

and Bartcm, 1993 reproduced from Palmstorm and Brtwch, 200&I 


Barton et al 11974] ha^^e suggested the following Er^cavetion Support Ratio [ESR] for 
use .in the Estimation of Support [Reinforceinent] Categories based on Rock Mass 
Quality Q 



Excavslion Category 

ESR ; 

A 

lefnpoTary mine cpenin® 

3^S 

B 

PQirranieiH mine openings, water tunnels, for h^dra pmref [eacliiifcteig high ipf«?s«fe peestoctis], 
p9ot tunnels, diifts and hoadiiigs for large 

1.6 * 

C 

Blorage roopus, water ireslnisnl plants, minor road and rdkaii- tunnels, surge Ctiannbsirs. access 
lunnetB 

i3 

0 

Power &lstion&, majjor road fi laiiray hotels, Civii defefvce 4h3n*ei5. portal intHrsectinns 


E 

Undergrourvt nuc^r powe^ Er^dions, r 3 itwa.y stations, .sports and pubiio ^lilies, factories 

0.6 


Estimated Support [ReEnfoncemenl] Categories based on Rock Mass Quality 'Q“ are 
indicated in the folEowing nomogram! 



ROCK CLASSES 


nao 

nviR qi| 4 l|f 0 M 




100 


twei 


Ej0ra(iM\ 

poor 


flEMFOACEMENT C ATEQORIEE: 

t> UuunrcrtKl 
Sintinlliiv 
^ Evrfvnv^itieltiq 

4) bating l^nif ■- Id ci>4 

c] nnt«lrA»H|«>iQb 4 i 4 *rdMii« 9 -aem 


T1 ribn.'niifa'« 40 *lLLMll.Md.tdll 4 13 i- 1 £ 4 m 
q Flnrin?cp]^Vi»Av 1 f HL 

cfc J ud Ung 

ti OdffinCiWtoMng 
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An example of GstinnatecI Support requirements based on the above nomogrann is 
atldched as Appendix-V. 

An abstracl of Ihe rscont updating of the Q-charts has t>eoa quoted beltw for the 
benefif of the users, esf)ecially considering its utiltty to replace Ihe oonventional cast 
concrete tunnel lining even in very poor to exceptionally poor rock masses (Q-1- 
0,001}. The chads are backed by deformation measuremenls and numerical analysts 
based on static analysis of the support using STMD software. 

Asooond updating of Uie Q system for rock mass ciassification [1st updating by Grimstad 
and Barton, 19931 is in ptrogrtjss. In this updating, emphasis has been placed on the 
wrde application of fibre reinforced sprayed cortorete [SJr], even in the lowest rock mass 
qualities and the recent changes in rock support practice and material properties. In 
extremely poor rock, where some deformations may be expected, the toughness anct the 
energy absorption of the sprayed oortcrate has been taken into considered in the improved 
Q“5upport chart. A substantial arrxHjnl of data from recent pnojecte has been gauged 
and analyted. Analytical research has been carried out with respect to the thickness, 
spacing and reinforcement of reinforced ribs of sprayed concrete [RRS] as a function 
of Ihe load from the rock and ttie rock mass quality. The basis of the RRS desigrt is the 
calculated debmation and bending momenL The analytical calculations are compared 
with numeffcal analysts and deformation mea^fomenis in Ihe tunnel. Modem practice 
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indicates th 3 l RRS may repface traditional cast oancreie lining tn OjdPUniely poor rocl<. 
RRS in shape and support capaoty is similar to lattice girders, tMit are more Itexible in 
application because RRS is not prefatmcatecf. An improved Q-support chart that gives 
derails of RRS in very poor to ei^ceptionalty poor rock mass is given below; 

D) Estkimation pf the Length of Rock Bott&i 

Barton el al [19S0] have sniggested the following formofa for osiirnaUon of the length 
of rock E>olts. 


0,15 B 

L = Z+- 

ESR 


where. 

L = Length of Rock Bolt in m. 

B - Widlh of Excavation in m, 

ESR = Excavation Support Ratio as per fOTegwng para 4.5,1.3 
E) Estimated Maximum Unsupported Span; 

Barton el al |190O] have suggested the following formula for estimation of Ihe Maximum 
Unsupported Span: 

Maximum Unsupported Span = 2 ESR 

where ESR = Excavation Support Ratio as per fwegolng para 4.5.1.3 
Q = Rock Mass Quality Value 

4.5.1.2 Sfiorfcomings /n the empirical methotSs 

Though the empirical methods described in the foregoing pera A to C give guidelines 
in the form of proviston and spacing of nock botls, many of them are silent about 
the diameter and length of the bolts, grade of shotcrete and stie and spascing of rib 
supports etc. and have to be decided hesed on the axperience of the designers. 

4.5.1.3 Stand up time 

4,5.1.3.1 The stand-up time is the lime duration for which peripherv of a tunnel 
excavation lino Is able to stand without Tunnel supports’. The stantj-up time is directly 
related to the quality of rock mass. Poorer Itie rock mass, shorter will be Ihe stand-up 
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time. Stand-Up time is also invers^^ly propportional to ‘unsupported span’. It explasns the 
necessity of resorting to multiple headiivg in case of wide tunnels. 

In the direction oT tunnel advance, unsupported span is the distance of tunnel face 
from tiio support line. In the transverse direction, unsupported span Is the width of the 
tunnel operring. Good rock masses t>ennil larger unsupported span whereas poorer 
rock mass permit only smaller unsupported span. In other words, a wider tunnel 
opening can be left unsupported in good rock mass. The unsupported span is defined 
as the shorter of the two distances between, 

i) the tunnel face and the line of support nearest to the face and 
il) the excavation width. 

In poor rock rnass, the distance of the tunnel face from the line of support would be 
the unsupported span. In a good nock mass< however, Ihe excavation width will be the 
unsupported span, 

4.5, 1.4 Relation betwe&n rock mass rating, stand-up firm snd unsupported span 

Tl^is basic inter-relatior^ batwcori the rock mass rating, the stand-up time and the 
unsupported span is given by Bieniawski as showr> below. 



SItiltN&U> niE. hr 

SUniJ up Time v/s Unsupported Span per Rock t^fass Rating 


4,5. f .5 ffTter-ne/atfcv? between 'Q'and RMR' 

KMR^ 5s used for estimating 'unsupported span' and 'stand-up lime', whereas 'Q' is 
used for estimating support pressure and for selecting supporting details as shown tn 
the nomograiti presented at the end of para 4.5-1-^ C. Thus an inter-relation betwe^e n 
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■Q' and 'RMR' is used whem only “RMR' and not ^Q' are assessed during geological 
investigation$- Various inter-relatkjns are shown in Ihe foKowing chart, 


Conversion, of 'Q' to 'RMR’ hy Different Correlations 



Barton [IftdSi] 

NGSf10941 

HGI [2001] 

Qieniawshy |19B5D | 

Q 

RMR-t^Og0 50 

RMR = 6.2Blnq+52.43 

RMR = 1SI(?ga+ 56 

RMR = »lnt^ 44 

m 

m 

&1 

Bfi 

85 

AQ 

74 

7e 

. SD 

77 

20 

70 

71 

76 

71 

10 

65 

67 

71 

65 

i 

59 

61 

65 

75 

t 

50 

52 

56 

44 

D.t 

35 

36 

41. 

23 

0.01 


23 

% 1 3 


Ar5.2 Anatyiicsil methods 

Analytical sotutions assess support stiffness and maximum support prosstire for 
concrete/sholcrete. steel ribs, and rock bolls ote. The stresses caused on the 
supporting system by the rock mass can be calculated from analytical clastic closed 
form solutions. Kirsch's elastic dosed form solution is one of the commonly used 
analyiical solutions. The dosed form solution is restricted to simple geom&trics and 
models, and therefore often of limiled practical value. However, it serves as a good 
check for the results obtained from numerical analysis. 

4.5.3 Niimericat methods 

Various numerical methods are available for stress analysis such as two dimensional 
Plane Frame Method, Finite Oifferenoe Methods 2D/3D Finite Element Method or other 
similar computationalfnumerical methods fon 

Deciding the geometry of excavated periphery of the tunnel 
Deciding on Ihe minimum distance between adjacent tunnels 

Tunnel support design comprising Of sholcnete, lattice girders,steel ribs 
and concrete lining based on incremental needs of an advancing face 

There are a number of crMtimercial software available in Ihe market. 

4.5.4 OhsQP^ationat approach 

Apart from methodotogles mentioned above, the Observational approach is used when 
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thelunn^l behaviour is noi known wlih confidence, thrs is alsocaK&d burid-as^you-go 
approach. The bjnnd defornialions and support pressures are monitored to rfevalop 
a stable support system to stabiiize ihe ton net. The NATM artd Ihe hfTM both depend 
on this approach with a purpose of ensuring adequacy of support and identifying time 
tor providing a rigid final support called lining. 

The design of sled rib supports aims al sslimating bending moment, sh&ar forces and 
axial load, wtiich are compared with safe capaclUes of support system. The design Ignores 
a very vital factor caHed Vock-support interaction'. Withixil rcck-support interaction, the 
support is akin to hang in air. This assumption teads to an over-design. This explains 
Viihy this empiricat tunnel support design has gained popularity the world over; 

The use of steel arch support as primary/lmmodiate support should therefore be 
avoided. Its use as a part of ultimate support in very poor ground conditions be made 
bll iattice girdef^shotcrete reinforced rtbs get pop ular. 

The use of steel arch support as primary/immediate support should therefore be 
avoided. Its use as a pari of ultinrrate support in very poor ground conditions be made 
till iatlace girders/sholjcfete reinforced ribs gel popular. 

4.5 Loads to be Considered for Design of Ultimate Supports 

IS 13365 (Part 2) : 1192 lays down the procedure and rriethodology for estimatiort of 
Immediate [Short-term] Support Pressures and Ultimate [Long-temn] Support Pressures. 

Assessment of whal pressures to consider for design of the permanent lining of a 
tunnsi In rock depends on the foltowing aspects: 

- If initial supports are installed early and oonectly, they may not 
deteriorate within the design life of the structore, and if the opening is 
stable, tften a strudurat final lining may nol be required. 

— If initial support(s) are installed eariy and correctly, the opening is 
stable but it cannot be guaranteed that the initial supports will remain 
completely effective for the design life of the structure, Iher^ the loads or^ 
the final lining may be essentially equal to Ihose of the initial support. 

” If initial supports ere providing a seemingly stable opening but it is 
considered that additional support is required for long term stability 
then that support must be provided by the final lining, 

4.7 Concrete Lining 

As a slructurat system tunnel linings differ from other struotuifal systems in that their 


t 
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Inieradion wl(h the surrounding ground fs an integral aspect of their behavior, stability 
and overall bad carrying capacity. The flexibility of the lining to- defbnri under bad also 
depends cn tlie surrourrding ground. This flexibility allows the lining to defarm to match 
v/fth Ihe surrounding ground, allowing the suirpunding ground to mobili^e slrengtli and 
stahilije. The tunnel lining deformation allows redislribution of the moments by creation 
of "hinges* at points of high moment that relieve the moments in the tunnef lining, 

The purpose of casHn-silu oonereSe Ifnings is to support the ground, provkJe base tor 
installation of furnishings and control seepage of ground water. Cast-in-situ concrete 
linings are in plain or reinforced concrete. Instatled some time after the initial grour>d 
support, Casl-ih-place concrete linings can take on. any desired geometric shape. 

5 TUNNEL CONSTRUCTION METHODOLOGY 

5.1 General 

5.1.1 Cohslhicticn of a tunnel involves variouE adivilies which are to be planned 
depending upon the type of strata, availabte lechnclogy ar>d oonstruction period. 
Methodology of icohstructton of tunnels in hand rock and stable ground is quite dTifferent 
from that for tunnels tn poor rocks and soft ground Jn case of very small isolated Tunnelling 
job in rocky strata (he driJing work may be cam'ed out with pneumaticaliy operated 
Jack Hammers mounted on either pusher legs or spedalty designed multi pJatform 'Drill 
Carriage', For bigger Tunnelling jobs Mc^Be Drilling Jumbos oomprising of hydraulic 
rock drills mounted on hydraulic booms which can cover full face of a tunnel and whbh 
ara much faster and capable of drilling bigger diameter hotes may be depfoyed. 

5.1.2 Construction activities inside a tunnel are required to be carried out in 
restricted sptice. Due to space restridion-s and for working underground, specially 
designed plant and equipraeni are required along with adequate artificial ventilation 
anct lighting arrangements. The construction operations are Lhterefore required to be 
carried out in 'work cymes'. In general a 'work cyde' consist of following activities; 

* Surveying and Profile marking 

‘ Advancing the face by appropriate excavation methods 
■ Oefuming [after btesting) and Scalirig 

* Mucking including disposal 

‘ Plotting of excavated profile and geological mapping 
’ Support Installation - temporary and/or pemnanent 

White tunnel size and stand up time of the strata dictates the choice between full face 
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or multiple drift e3(cev3tl(m, Ihs standup lime of strata dictates support installation 
activities. The wort cycle Ume involving various activities of construction shatl be 
monitored as documented in 'Method Statement'. 

5.2 Stages in Tu nn el C o n stmctfo n 
5,2.1 Surveying arid profiie marking 

S.ZfJ Proper Surveying is very essential fo^■ efficient tunnelling. Skilled and 
experienced surveyors, appropriate techniques and instruments shall be used. 
Otherwise serious consequences, such as deviations in align men! and tevels, 
excessive or inadequate excavation of the cross-section, reduction in safety due to 
adjacent tunnels straying towards each other, excavations of same tunnel from the 
two end faces not meeting property, etc. may result. ContracLuai problems may also 
arise because of poor surveying. 

5.2.1.2 Surveying equipments range from the common Level instnurnents through 
Theodolites and Total Stations to advanced Lasers and Profilers. Proper Bench Marks 
duly fransfeired from exlstirvg GTS or Project Bench Marks shall be established outside 
the tunnel at either end. All traverses shall always be closed and any resulting closing 
error should be r\egljgible and be properly distributed. Constiuction Bentdi marks shall 
also be established at intermediate locations for long tunnels to speed up the surveying. 
Such Bench marks shall always be got crass checked Independently to ensure 
maximum accuracy. Tunnel grade line shall be drawn on excavated side surfaces 
using indelible markings or embedded fixtures to fociliiale quick ready checks. Check 
surveys shall be carried out at regular time/ progress intervals using an independent 
agency arKi with indeperrdenl inslnjments and melhods. Generally cross sections shall 
be generated immediately after excavatfon using post-survey data snd cross-checked 
with required secOonal area to monitor over-breaks or undercuts, as both these defects 
are expensive and difficiift to redily. Such comparisons also enable corrections to 
be apf^ied to excavation techniques to minimize lurther efroneous excavation and 
also to avoid dangerous ovor-exoavallons. Such comparisons shall also be made 
confracluaJty mandatory. All field observations and plots shall be preserved at least till 
the oompfeHon of the tunnel excavation and lining work. Any corrections required in 
the alignment due to wrong excavation shall always be made tip gradually and as per 
approved plans. 

5.2,2 E’xcavafion of open/approach cuts and hcattor) of portals 

Almost all the tunnels have an Open.i'Approacli Cut at each of its ends. The length of 
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Dpen/approach cirt depends uponi cjosI of open excavation vs, cost of underground 
excavation and coat of protective work involved which ttepends upon type of strata 
met with, fn case ihe cost of protective wort; becomes very high tha option of cut and 
cover shall be studied which may be Bconomfcat in such circjmstances. However 
the excevatkjn of Iheso approach cuts in any case shall be carried out to stable side 
slope and continued till a near vertical stable ground ma$£. suitable for forming of 
excavated portal of the tunnel gets exposed. The locations of portals shall be decided 
wilii reference to rock oover in rocky strata, The minimum cover above tunnfe! crest 
depends upon the type and structure of rock mass, the size and shape of tunr^el. The 
portals and approaches shall be designed with great care vviSh regard to safely, If need 
be, the ground; mass in which the excavated portal is to be formed shall be stabilized 
by installation of rock bolls, grouting, shotcreting etc, Thereafter, Turtrtellirtg shall 
commence carefully by using techniques for advancement of tunnel face, described in 
the subsequent paragraphs. In case of mountaiiKiiis region having very sleep vertical 
diffs with veEley on other 5 ide, the approach to tunnel or somebmBs road alignment 
itself may have to be planned along cliffs. In such case the option of half lunnel by 
partial excavation on hillside with one side remaining uncovered and exposed to valley 
side, can be considered if geologba! formations ore favorable. The details about 'Half 
Tunnel' are deatt with at Ihe end of this chapter in para, 5.6, 

5.2.3 /Advancement of funnel face by exca vathn 

Vanous types of equipment required to tackle different typ&s of strata envisag&d shall 
be planned for right from the beginning. The lunnel face shall be advanced by carrying 
out excavation using techniques and methods suitable for lypa of sirata. stand up Ume 
of the strata, type of machinery available and with due regards to size and shape of 
tunnel. The tunnel face can be advanced by t'wo techniques as. follows: 

' No-BLast TechniquBS. 

* Gonvenlional Tech nique of Dril ling an d B lasting. 

Most common technique used for advancement of tunnel fan® , except in strala Is by 
■E>rillin 9 and Btasting’ and same Is dealt with in detail separately in para S,3 below. 

5. 2. 3 .1 No-bias! techniques 

In many a situation, where surface subsidence Is not desirable or whore blasting 
vibrations cannot bo permitted and where speedy Tunnelling operations are desired, 
No-8last Techniques are emf^oyed with advantage. Various machines are available 
for such work: 
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Tunnelling Shields 


TunnieKing Shields aie used fcx 
constructing circular or ovular tunnels 
through different types of sett ground 
Shield is a rigid steel cylinder, The front 
end is in the torm of a cutting edge and 
rtted wilh excavalion factHties and the 
rear end has fadl litas for removal of 
OKCffVation spoils and for inslaHalian of 
supports inside Ihe t3ll of the shield, In 
shield tunnelling, perpheryofexcavaEion 
is no! visible as it is either supported by the shield itself or by tunnel supports.. As 
the excavation at the f^ce progresses, the shield is pushed forward with the help of 
hydraulic jacks which take thrust from the supports at the rear end of the shield. During 
fonvard movement of the shield, the tal end slkles past the supports already Ofected 
inside the tall transferring the load of the excavated periphery tiiom the ahietd to the 
supports. Various types of shields such as Compressed Air Shield, Slurry Shield and 
Earth Pressure Balancing Shield etc. are available to deal with different soil conditions. 


Photo of TurnsNing Shield 


Roodheaders 


Another type of machine that can excavate tunnels of any shape Is the Roadheader. 
It has a hydraulic boom with a rotary cutting head at it$ from end, a loading device 



usually involving a conveyor and a crawler traveling track to move Ihe entire machine. 
The boom can be moved up or down and right or left to cover the whole face. The boom 
presses the rotating cutting head into the rock face, cuts the rock Into small tragmenta 
which drop down to the invert of the tunnel. Qollector arms of the rtiachina pull the muck 
onto an apron which transfers Ihe muck onto a trailing conveyor for depositing the much 

into muck disposal vehicles, En case 
of soft soil tunnels, Ihe roadheaders 
operate under the protection of and 
inside the shields. Apart from rotating 
cutting head, various types of special 
function heads are available. For 
tunnels having height imofe than about 
5 in excavation usirtg roadheadermay 
have to carried out in muttiple stages 
in view of boom limitations, even in 
competent rocks. 

Phdo of Roadhe&der 
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Tunnel Boring Machines 

One type of machine which can excavate only circular sections through a variety of 
alrata from hard rock to soft strata and al a considaraWe speed is the Tunnel Boring 
l^achine {TBM), which comprises a rotating circular head with several cutlers mounled 
on its f^ice. the cutter head relates, it presses the cutters inte the lunnef tecs, cuts 
rock into smalifragments, picks up the dislodged rockfragments with rts muck collectors 
and drops the fragments onto the head of a Iraitmg conveyor for depostting Ihe-m into 
muck disposal vehicles. The TBM train is scores of meters long end hes arrangernenis 
and equipment for drilling of probe holes and grout holes, erection of precasl linirvg 
segments and grouting, as well as service equipment such as dewatering pumps, 
Iranstermers, hydraulic power units, containere for materials, resl roorns elc, 

TBM can be steered in vertical and hqrizonte! 
direction along smooth curves. TBM have 
advantage of not disturbing surrounding strata 
which makes them suitable for use In buiU up 
area. However main disadvantage is cost as 
they are expensive to construct, difficutt lo 
irarr&port and require significant Infrastructure, 
Various types of TBMs such as Open, Shielded 
and Earth Pressure Balaricing Machine are 
available to deal with dilferent soil conditions 
with certain limitations, 



Photo of Timnef Boring Machine 


Splitting Techniques 

Where reck cannot be blasted for various reasons such as avoiding noise, vibrations 
and surface subsidence, the rock can be split along pianos of weaknesses and fissures. 
Then the pieces can be separately picked up and removed. There are various methods 
available for splitting fhe rock. Soma of them are listed below: 

a) Conventional wedging and apfitling: 

Wedges and feathers are inserted into natural fissures or predrilled 
holes and the nock induced lo split along the line of wedges, ter 
subsequent removal 

b) Hydraulic Sp1jlter&: 

HydnauJic splitters can be inserted In holes pre-dritled in a pattern and 
the nock induced to split along Ihe line of holes quickly and noiselessly, 
of subsequent removal. 
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c) SpliHitl-g nock using expansive chemicals: 

When such chemicals are poured Into hofe$,^ssures. Jhey expand and 
split the rock in predetermmad pattems^ for subsequent r&movaL 

d) Other splilting agents &uch as Cardox, Nonex and Penetrating Gone 
Fracture (PCF)c 

The Cardox system is based on liquid Carbori dioxide being converted to 
high pressure carton dioxide gas wilh ignition. The gas spreads through 
fissures and rhicrocracks in the rock and breaks it in Eefision, rather than 
compriession as with explosives. It is this teritsion breaking nrtechanjsnn 
that results in the reduced noise^ vibration, ffynock charadonstics and 
much less energy required to break the rock in this way. 

Both the Wonex and PCF pnoduds are based on the burning: of a 
propellant, reteasing many gases at high pressures, again breaking 
the rock along existing fractures to break in tension. 

The Non&x system consists of a cartndge which contains a propellant 
which when ignited produces high volumes of hormloss ga&es sAidi as 
nitrogen and carbon dbxide are released. providir>g a pressure irifcrease 
when the cartridge is sealed h a dritthole. Nonox is particularly suited 
in situafions where the rock is not required to be fractured^ but rather, 
split as it does not cause the rock to shatter 

The PCF tube is a hollow plasLc tube, open at one end which can then 
be filled with the poiwdered srrwkeless propellant and then dosed with 
a small cap. The other end is machined into a wedge to lock into the 
stemming, and to seal the hole when inserted for Ignition, in the cap 
there is an entry port for insertion of an electric match, which U the 
means of detonation. This heat ignites the propetlanL As there are not 
the crushing effects of compressive breakage as with exptosrves, dust 
and fines are significartUy reduced. As the rock requires less energy 
to break in tension than compression, a much smaflor energy input is 
required. 

These melhods are slow and are preferred vthere use of other techniques is not 
feasible. 

Immersed Tube^Sunken Tube Tunnels 

An Immereodj'Sunken Tube Is an underwater tunnel made up of prefabnca{j&cl elements 
in the form of a tube. The elements are cast on shore, floatod to bie tunnel site. 
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sunk in lo place {often into an eKcavaled trench, connected to the elements airea<ty in 
place, finished and covered up, InniiTierSC'df&uinken Tube normally takee off from and 
ends into a cut and cover tunnel or t^red tunnel constructed up to the edge of water* 

An Immereed/Sunken Tut>fi works out 10 be a cost effective sotuUnn when a cost of a 
bridge turns outlo be quite high due lo high d'Spth of water, difficult ground contiiHci<n3 
for foundations etc. and cost ot a bored tunnel turns out to bo high due to ground 
conditions. 

Immersed^Sunken Tubes cause least disturbance to marine traffic and are more 
rosrstanl lo seismic vibrations. 

Cut-and-cover Tunnets 

Cuhand-cover is a simple method of construction for shallow tunnels. 

Two basic forms of cut-and^over Tunnelling are availeblO- 

In the Bottom-up method, a trench is e-stcavaled with the help of ground support in 
the form of diaphragm walls, sheet piles or intersecting piles etc. and the tunnel is 
cor\ 3 tructed within. The tunnel may be of in situ concrete, precast concrete, precast 
arches, corrugated sleet arches etc. The trench is then backfilled with compacted fill 
maieriat and the surface is reinstated. 

In the Top-down method, initially, a trench fe excavated with the hefp of g round supped 
in the form ot diaphragm walls, sheet piles or iniersecting piles etc A shallow excavation 
is tlien made to allow tho tunnel roof to be constructed using precast beams or irv situ 
concrete. The surface Is then reinstated except tor access openings, This allows early 
reinstatement of roadways, services and other surface features. Excavatron machinery 
is then lowered Into the access openings, and the main excavation is carried out under 
the permanent tun not roof, foifowed by constructing the base slab. 

5.2.3.2 Convenf fonaf tech ^i^e of Mfng apd tiiasting 

(A) In the conventional technique ot drilling and blasting, holes of requisite 
diameter, length and direction, as determined from the blast design, are drilled into the 
tunnd face at designated locations. The profile of the drifting holes Is rnarked on. the 
face of the lunnel with the help of surveying. The job of correct profile marfring has lo 
be emphasized to the surveyor and the marker. The dirmetion of holes with respect to 
the face cannot be marked at site and therefore that aspect has lo be explained to Ihe 
operafor of the drilling machine. Before profile marking, the study of the last executed 
and plotted profile must bo made and ihen required changes,, if any, may be made. 


46 


IRC:SP:91-2010 


The lime cyicle □( Ihe activity may be notecf and Variation 
wilh the planned time may be studied for rTKxJtfying the 
bla^ling pattern. The drilling at face acccurding lo profile 
marking is carried out with Ihe help of drriiiing fumbos, 
whtch operate eieciricalfy/hydnauiicelty. In advanced 
machines, trie three dimensional drilling paltem can 
be fed inio the program of Ihe drilling jumbo, in such 
cases the activity of profile marking on lunnef face is 
not required. The water pressure for flushing the drill 
holes must bo controlled se as to avoid Che weakening 
of surrounding rock mass in case of Tunnelling in 
jointed and weak rock mass. Trie 'look out of the drill 
holds may be kept 35 low as possible, depending upon the deployrrtent of the drilling 
machine. At Ihe end of drilling activity, the details of the holes including their number, 
depth, dfameler, and angle with the face along wilh Ihe time taken for the activity may 
be recorded and analyzed vis^^^vis the provislort in the Method Statemenl. 

(B) Based on the plan ntng conta ined in the Method Stateme nt and Ihe experien ce 
gained from Ihe previous cycles the charging of the face shall bo carried out wilh the 
explosives. Due consideration shall be paid to the charge per series of detonators 
and the iocalion of the holes iDeirtg charged in the face for mlnimtzing the vibraiions 
and darnage to the surrounding roeK mass. Charge comprising of des^ned quantity 
of suitable explosives togelher wHh a delay detonator of designated defay shall bo 
inserted into each drill hole. Leading wires of Ihe detonators shall Irion be connected 
to form a circuit and ends of the circuit connected to an oiectric exploder through hook 
up wires, Due safety precautions at Ihe tin>g of charging the face shall be taken. The 
face shall be doared and service tines, equipments withdrawn from the face and shall 
be parked al a safe distance of about 70 m from the tunnel face. The other necessary 
precautions as prescribed for blasting shall he observed, The exploder shall then be 
charged and Ihe circuit ftr^jd to blast the explosives. To overlap the activity of 'charging 
the holes' and trie drilling of holes', the use of non-electrical detonators (NONELJ can 
also be resorted to. By doing so. the overall cycle time can be redijced at some exira 
cost. NOWEL is also suitable for safe working In periods of lightening incidence. 

(C) Forfacilrtating drillhg, charging of bigst h-qtea and scaling etc, mobile access 
platforms with intermediate deck can be used. Mobile Drilling Jumbos comprising of 
hydraulic rock drills mounted on hydraulic booms which can cover full face of a tunnel 
are available. A basket mounted on a telescopic hydraulic boom is also provided wllh 
the jumbos for facilitating scaling, charging of blast holes etc. 
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p) Where for aesthetic or any other con£rcferaEion$, it becomes necessary lo 
create a $mooth line of breakage at the pehphery of excavation, closely spaced holes 
are drilled along the periphery. These hofes are treated as dummy holes and are 
left uncharged during blasting. Outermost ring of She blast holes are drilled about 
200 mm msfde Ihe tunnel periphery depending upon the properties of the rock. Lme 
joining these peripheral holes creates a weak line of breakage. The drilling patterns 
and blasting technique are deal! ir^ detail at the end of tliis sub-section. 

(E) Venlilatiofi: The tunnel face is a dead end and at the same lline it is an area 
of maximum activity. It therefore becomes nocessa^ to see that the face is property 
ventilated by means of artificial ventilation. Where the excavation is carried out by the 
No-blast Techniques, operalion of heavy equipment generates a lot of heat, diesel 
equipmeni fumes and increased humsdity. Where excavation is carried out by Drilling 
and Blasting lechnique, heat qod fumes caused by the blast need to be exhausted out 
from the face. 

Artificial ventilation is effected by means of by axial flow type fan{s) operating on a 
ventilation duct, In tunnels where reversible type axial now fans are used, immedialeSy 
after the blast, the fans are operated in the exhausting mode so as to suck, oul blasting 
fumes from Ihe face. Thereafter the fans are reversed to operate in supply mode so 
to supply fresh air at the face 

5 .2.4 fWofftotfs of driving fhe f yndef 

Methods of driving the tunnels by attacking the face depends upon the sue and shape 
of tunnel, equipmenls avaitable^ the condiUon of formalim, the stand up tim-e of the 
Simla through which lunnel is passing, Ihe extent to which supports are necessary 
arvd overall erxinoitiics. Tunnels car^ be driven by the following methods: 

* Full Face Method 

■ Heading and Benching Method 

* Mulli-drift Method 

* Multi section Method 

5. 2A. f Eu/J .face befhoc/ 

This method is used when the lunnel Is bdirg excavated through stable formaBons. 
Limitation of full face method depends upon the si2e of the tunnel and capacity of 
equlpmont being used for the job. 
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Heading and Benching method is used when heighi- is n>cnie than about 3 ni and area 
of Ihefaoe is large afKJ/or when Ihe lunnet is being eKcavated through not very stable 
formations, to enable Installatiofi of supports within the avaHable stand-up time. 

5.2.4.3 MuiMift method 

In this method, heading and Ihe bench aie divkJed into smaller pads. This method 
berornes necessary when Ihe tunnel is being excavated through very poor 3t>d unstable 
formations, to enable installation of supports wf(hin the available short stand-up time. 

5 .2 4.4 Mtiiti $ecthn mothod 

For wider tunnels iri stable formalion pilot beading follovred by aide slashing has to be 
resorted to, 

5,Z4.5 j^dvance pnobing & freafjTienf 

Even in the so called compact and hard rock formations, possibility of meeting 
jointed and weak and water charged Eones can not be totally ruled out. Though ihe 
geotechnical oxptoratEcins help to gain adequate Kncwledgo of the strata, knowledge 
about the oonditlori of Ihe strata Immediately ahead becomes absolutely necessary for 
safe and efficient Tunnelling through heterogeneous strata. Assessment of the strata 
immediately ahead is carried out by drilling probe holes of suitable diameter through 
the tunnei face itseff. If water starts gushing out through a probe hole, it indicates 
presence of grourtri wafer ahead and sufficient care shall be exerdsed. Sudden 
ir^rease or decrease in Ihe rale of dnlling would give indication of the thickness and 
condition of joinls and weak ^ones. This information enables to carry out acfvanoe 
grouting to seal passages of water and lixiae joints and be prepared to deat with the 
difficulties before actually entering the ground ahead. 

It is therefore preferable that as-'sassment of th e strata immedialely ahead is carried out 
by drilling probe holes, on regular basis. In locations whero tho geclogicat invastigations 
mdicale Ijkely presence of highly jointed and fissured formations sucb assessment 
with advance probing and trealment shall be made mandatory, 

5.2.5 Scaiing 

Immediately after blasting, defuming activity at the fece shall be taken up using the 
ventilation fens and the ducting system provided, the defuming time will depend upon 
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ttiE type of explo&ive^ quaniKy of expfosi'/e and the ventilation system, etc. Thereafter 
the face ^^hall be approached and inspsction shall be earned out to see the efficacy 
of the biast. The seTviGe lines shall lJ>en be extended-j'ireinstaLled. If lound necessary, 
water shall ba sprinkled on the muck pile created at the face to contain the blasting 
fumes. The scaling, which is ari operalion for knocking down all lonse rock fragments 
hanging on to the periphery nf the Tunnel, shall then be started mechanically or 
manually immediately after the blasting fumes are exhausted from Ihe face. 

Routine inspeclbn of Ihe periphery of already excavated tunnel shall also be carried 
oul and loose scales that may have developed because of spelling shall be knocksdi 
down. 

5.2.6 Djsposaf of exesvated muck 

The blasting cnishes the rock of the tunnel face into small fragments and forms a muck 
pile ir^ front of the face. After scaling of the sides and face, the activity of removing 
the muck shall be undertaken provided the excavated sJdes and the face retain 
themselves ti the muck from the faco is rorTtoved. Otherwise, the muck pile shall be 
spread near Ihe face and temporary support measures he adopted to increase the 
stand up time. The muck -Gornlng out o-f excavation at the face shall be removed from 
the face with the help of loaders and muck haulage uniis and led to and disposed off 
into the areas designated for muck disposal. In case of long tunnels, deploymonl of 
diesel operated excsvators/loaders and dumpers for muck rerrwval be avoided and in 
their place electricalty/pneumatically operated loaders and battery operated haulage 
cars or belt conveyers shall be preferred, For lorvg tunnels rail reounted equipment as 
against tyre mounted equipments and conveyers are preferred. 

A suitable area in. one or more locatkins, of adequate size to hold the total quantity 
of muck expected to be renxived from the funnel vuilh a reasonable height of the pile, 
shall be identified and earmarked as Muck Disposal Area. This Area shall be well 
accessible from Uie Turiinel port 0 l(s). cannected by a road of appropriate quality The 
muck haulage units carrying the disposal muck from the tunnel shall dump the muck 
only wilhin this Area and dozers shall be deployed for spreading the muck uniformly 
in layers to permit muck to be stacked safely up to the design height of the plie. In. the 
process of building up the pita up to the maximum specified height, temporary roads 
shall be formed by the doz 0 r(s) to enable the dumpers to reach various locations of 
the Muck Disposal Area to spread the muck uniformly. In all the temporary stages 
the pile shall be carefully heaped and leveled to avoid unintended and unsafe slides 
or collapses of the slopes. Once a particular stack reaches its deigned height, muck 
dumping shall be Immediately diverted to the next designated pile. The stable slopes 
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of the stack shalf the pitched with excavated stones to prevent mud fnoni oozing- out 
and the slopes shall he finally turfed to make ihem more stable and prevent erosion 
due 10 mn-off water. 

5.2.7 of iBmpor&iy and pennsnent Bupport 

Provision of Tunned Supports becomes necessary when exposed periphery of a tunnel 
IS not capable of standing on its own as lime passesn The temporary araJ perinnncnt 
rock support may consist of one or the ccmbinatfon of fotlowing measures; 

‘ Providing plain shotcrete on the excavated surface with or without wire 
mesh. 

■ Providing steel fibre reinforced shotcrete cm the rock surface. 

* Providing tor sleel^high tensile steel rock anchors. 

' Providitig tor steeWhigh tensile steeJ pretensioned rock botts. 

' Providing structural steel/latttoe girder ribs with backfill concrete/ 
shotcrete. 

* Providing pEain/neinforced corM^rete lining. 

■ Providing forepoling 

H shall be realised that for efficient and safe tunnelling, supports shall be insfetled as 
soon as possibEe after exposing the face and well within the stand up time. 

* Plain Of Steel Fiber Reinforced ShfOtcrete, as the name suggests, is 
concrete shot overexposed periphery of a tunnel, tn case of Tunnelling 
through highly weathered and very highfy joinled rocks, immediately 
after completion of defuming, a layer of Steel Fiber Reinforced 
Shotcrete [SFRS] ^all be placed on the exposed periphery, to give 11 
an immediate support and to prevent dilation of the exposed surface 
and to extend it's starKl up time. This will also make the area safe 
for further operations. Even in very stable rock formaftions. a layer of 
shotcrete ts provided over exposed periphery lo prevent weathering 
and dilation of joints. 

* Rockbolts are provided to stitch together layers of jointed and blocky 
formations. Different types of rockbolts such as split-wedge type, 
exparision shell type and those grouted with resin or mortar capsules 
etc. are available. The choica depends orr the type of strata in which 
the focl^olts are to be placed. For facilitating installation of nockbo-lts. 
Mobile Access Plattamns can bs used. Rockbofiers comprising of a 
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hydraulic rock drill mounSed on hydraulic boom (or drilling ond a basScet 
mounted on a telescopic hydraulic boom for Inslatlalion are also 
available for rockbcilljntg, 

» Prov is ion of ribs- ma de of joists or lattice girders is made where exposed 
periphery of a tunnel is not capable of standing on its own and needs 
active external support. To tomn a continuous roof, lagging in the form 
of steel plates or concrete planks shell be placed over the extredos 
of the rib supports and the annular gap between the lunnel periphery 
and the lagging shall be tightly packed with backfill concrete, !n case 
of Lattice Girder Supports, girders shall be embedded in plain Doncrete 
lining or SFR Sholcrelie. 

* Where excavation of the headii^ is carried out by multi-drift method 
i.e. by initially advancing the central drift &. followed by widening to 
full section of the heading. Arch of tbo Central Drift shall be supported 
using segments of the arch rib and held in place by rock bofts or by 
installation of temporary verticals and bottom struts. After completion 
of excavation & supporting of ifie central drift, widening of tho central 
drift shall be carried on in stages, Af this stage, the segments of the 
arch ribs already erected in the central drift shall be extended in ttte 
widened section. These extension segiments can be held in place by 
rock bolts or the other end of these extension pieces shall be made to 
rest and fixed onio a wall beam laid on each aide of the heading. In 
case of Supports fabricaled out of steel joiste. concrete lagging planks 
shall be placed over the exlrados of the supports and the annular gap 
between the tunnel periphery and the tagging shall be packed wilh 
backfiil concrete. In case of Lattice Girder Supports, the girders shall 
be embedded In SFR Shotcnetefooncrele lining, 

* Plain or Reinforced Concrete Lining of appropriate thickness shall be 
used where exposed periphery of a lunne! ts not capable of standing on 
its Dwn and needs active external support. The Concrele Lining cart be 
built frorrii pre'Cast aegrrvents or can be cast-irv-sflu, Casl-in-silu lining in 
sides and overt of tunnels can be cast logether using mobile telescopic 
shutters or in separate operatkjris. Invert concrete can he placed 
(hereafter. Mixed Concrete shall be brought to the placement pjoint in 
transit mixers and placed in position with Concrete Pumps, Depending 
upon the devebpment of the stresses in the funnel, suitable time gap 
shall be allowed hetween excavation and liniirtg so as to gain stability of 
the excavated section of rock and thus avoid transfer of load lo Sining. 
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* Where excavated iurbnels require cancrete lining, cast in-sttu concrelo 
lining is commonly adopted. However, lining o$ing precast concrete 
segments and installod soon after excavation is adopted where speed 
is critical. Typically, the assembly of precast segments is always in 
the shape of a circto and the elomenis form segments of the drde^ 
typically with d to 6 segments per cross-section. These interlocking 
segments are connected in the transverse and longitudinal directions 
using bolts and orjmpressible seals or only with interlocking of special 
keying shapes formed while casting, As such, great care is necessary 
to ensure the correct geometry while precasting these segrrrents. Rigid 
steel moulds are normally used to ensure oorrect goometry and to 
minimise progressive damage/warping after many repetitions of the 
mould, Such moulds shall be properly designed and fabricated using 
speclaitzed expert agencies. Good care shall be exercised while using 
and handling these rnoulds lo avoid damages. Concrete for precasting 
shat) be with approved appropriate mix design and shall be of sufficient 
high strsngth to be able to safely bear the handling and stacking 
stresses apart from the permanent stresses. Curing shall bo carried 
out for adequate time period before the segments are sent inside the 
tunnel so that adequate strer^gth is devetoped. Often steam curing is 
used in conjunction with precasting to ensure early developmeni o-f 
strength to permit handling and stacking. The precast segments shall 
always be identified with engraved/permanoril-painted markings to 
ensure that they tit into the right place during assembly at site. The 
segments Shall be stacked as per designed methods to ensure (hat 
r>o damage is caused, particularly to the edges and comers so that 
the pemnanefit joints are not impaired. The ground in the stacking yard 
shall have adequate strength to bear the stacked segments without 
any undesirable deformations. Any segments having warping of the 
sections or chipping of the edges and comers, shall not be sen! inside 
the tunnel unless proper rectifications are carried out (wherever such 
rectifications are feasible only), using approved techniques. Usually 
vacuum grips using rubber pads are used for lifting the segments. 
Such equipment shall be regularly chocked to ensure proporand safe 
working to ensure lhal there is no damage to the segments and also to 
ensure good safety during construction, Wherever precast segmrental 
lining is used, it is preferable to have a mock-up dbne prior to use In 
the regular Tunnelliing operations lo ensure that the comect geometry 
is .attained and to cheek up on the interlocking of the joints and efficient 
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functioning of the assembly. The space behind the lining and esi;;ayat&d 
ponphory of rock ts generally filled up pea gravel, injected with 
cement groui and adequate wnlact for stress transfer from the rock 
slraia to the lining Is ensured. 

« tn poor rock with limited stand up Unre, forepoling technique is used 
to imprtjve/strengthen the strata ahead above the tunnel roof before 
advancing the face. Basically an arch-like shell is created ahead of 
the tunnel face prior to its exoavalion. enabling tunnel excavation to be 
carried out safely and speedily under a protective arch. Foiepoles are 
also installed to treat cavity formatidn and exiremely weak geological 
material liko highly sheared nock mass and even overbufEten material 
like colluvium and river deposits. Forepoling is also useful m situations 
where tunnels have lobe excavated at shallow depths, or where minimum 
disturtance Is to be caused lo the surface structures, Le. ground surface 
settlements have to be restriefed, as for irrstance in urban areas-Three 
different methods of lorepoling are commonly used: 
i) Roofing Method: Forepoling is carried out by installing steel bars 
of requined diameter (generally 25 mm, 32 rnm and 36 m-m). Steel 
sections, plates or pipes can also be used instead of rods in poorer 
strata. Length of foro poles may vary from 5 m to 12 m. Spacing is 
generally SOD to 500 mm depending upon the geological material to be 
tre-ated, Forepoles can be used with or without grouting. Forepotes are 
installed outside the tunnel periphery at an angle (with the longitudinal 
horizontal centerline of the tunrwe!) ranging from 5 to 7 degrees up. For 
Pipe roofing heavy duty seamless steel pipes are used with or without 
perforations to allow grouting to be done through the perforalions. Pipe 
diemeter varies from &3 mm to 100 mm and length may vary from 
10 m to 20 m depending upon the site condiltons. Pipe jacking or micro 
Tuonelling methods can also be used for installing the pipes, 

ii) Spiiing Method: The Spiling method is a ground Iniprovemenl technique 
where the support structure of a tunnel top ^edor is Installed ahead 
of the excavation of the face. Such support niechanism provided by 
forepoling technique stabilizes (he tunnel face area in both longitudinal 
and transverse directiems by means of an arch-like reinforced zone 
termed primarily by Injection This mefthod can else be used in 
conjunction wilh standard drilLand-blast Tunnelling when severe 
fault stones are encountered or whefever extra support struclufos are 
required. 
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jii) Horizontal Jel Grouting Method: Hoiizoniaf Jet Grouping Is 0 tochniquo 
used for Tunnelling through softgfouod espectalljf with difficutt conditions 
where both weat^ soils and thin overburden occur and in sandy or gravsl 
formations. The technique is used for creating a protective fan-shaped 
canopy ahead of the face, as a temporary support for advaricmg the 
faco under ils protection comprising of near horizontal coluirms, of 
a diameter of 0.5 to 0.9 m usually at an angle of about 15^ with the 
center!inefaxrs of the tunnel The process of jet grouting uses a high 
speed jet with nozzle pressure of up fo 50 MPa. The jet fractures the 
soil around and mlKes the soil with the cement/chemirat grout and 
forms 0 near horizontal column upon selling. As the face is advanced, 
the canopy is also progresstvely advanced. 



Biggest advantage of Ihe technique is th at it can be used In varying ground conditions 
and for (unnols of all shapes and reduces surface settlement and is therefore most 
suitable for urban Tunnelling through soft ground. However, as Ihe process of jet- 
grouting is a high energy process, in shallow lunnsls the jet-grouting process may 
induce surface setUements (hat exceed Ihe design requirements. 

Ground Freezing technique is used for Tunnelling Ihrough water-bearing soft 
ground. Ground freezing is achieved by circulation of a freezing mixture such as 
brine or liquid nitrogen etc. through a suitable pipe system, so as to cool the soil and 
convert the soil water lo ice. On freezing the wet soil gets converted Info a hard mass 
resembling concrete which is watertight and has load canying capability. Ground 
freezing can be applied in all types of soil and groundwater condlttons, such as running 
sand, clay and gravel. 
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5.^,S Austrian Tuurtatiing M&thod {f^ATM} 

For tunn@(lin9 in soft grounds, an ap^jfoacti called 'The New Austrian Tunnelling 
Method^ (KATM) can he adopted, 11 was developed between 1957 and 1965 in Austria 
end was given its name to dsslinguisri it from the old Austrian tunnelling approach. The 
main idea is to use the ge^rfogical properties of the surrounding rock mass to stabilize 

the tunnel ilseif. 

The main idea is lo use the geological properties of ihe surrounding rock mass to 
stabilize the lunnel itself. The NATM inLegralos the principtes of the beha^flour of rock 
masses under the influence of the ejrcavafion method and the support system and 
monitoring the performance of underground construction during consUuctton* The 
NATM is not a set of specific excavation and support techniques. The WATM Is a 
philosophy wher^ properties of the surrounding rodk or soli fonralions of a tunnel and 
the support systems are integrated into an overall ring-IEke support sirudure. Thus the 
supports end the fomiotions will ihemsetvEs be part of this supporting slnjcture. 

The NATM has Since been adopted the wodd over for a large variety of ground 
conditions iricluding rock tunnelling. Based on experience, the philosophy has been 
renamed as Norwegian Method of Tunnelling (NMT]. 

NATM/NMT are based on following features: 

* MobiUzation of trie sfrengfri of ground mass -The mrethod relies on the 
Inherent strength of the surrounding ground mass being conserved as 
the main component of tunnel support. Primary support is provided to 
enable the ground to support itself, 

' Sriofcrete profecfj'on - Loosening and excessive ground deformation 
must be nilnimised. This is achieved by applying a thin layer of shotcrotfe 
irnmedialoly after face advance. 

* JW^asLrremenfs-Every dteformation ofthe excavation must be measured. 
NATM/NMT requires Insiallobon of sophisticated measurement 
instrumentation, it is embedded in lining, ground, and boreholes. 

* Ffejfjrii'e support - The primary lining is thin and reflects recent strata 
corKtiCons. Aclive rather than passive support is used and the tunnel 
is strengthened not by a thicker concrete lining but by a flexlbEa 
combination of rock bolts,, wire mesh an d steel ribs. 

* Ciosjng of invert - Quickly dosing lha invert and creating a load-bearing 
ring is importaht. It is crucial in soft ground tunnels where no section of 
the tunnel should be left operr even temporarily. 
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‘ Coniradaaf arrang^menls - Since Ihe NATM/MMT ta based on 
monitoring measurefiienls, changes in support and construction 
method are passibte. This Is possible only if the coniradual system 
enables those changes, 

■ fioeif mass dassific^ii&a determines support measures - There are 
several main rock classes for lunnoks and corresponding support 
systems for each, These serve as the guidelines for tunnel 
reinforcement, 

Based on the computation of (he optimal cross-section, just a thin shotcrete protection 
could be adequate, tt is applied immediately behind the face, to create a natural load- 
bearing ring and therefcre to minimize (he ground deformation. Additionally, geo¬ 
technical instruments are inslafled to measure (he later deformation of excavation. 
Thorefore a monrtoring of the stress dislrihubon within the ground mass is possibEe, 
This mmitoring makes the method very ftexible, ev&n at surprisirtg changes of the 
geo-mechanical ground mass consistency during the Tunnelling work. Such probtems 
are not solved only by thick shotcrete, but by using mesh reinforcemenliSFRS which 
can be combined wilh ^teol supports or rock bolts. 

The measured rock properties lead to the appropriate tools for tunnel £|rer>gther>ing. 
Therefore NATM/NMT is also applied to soft ground excavations and to tunnels In 
porous sedimenle. The flexible NATM/NMT technique enables immediate adjustments 
In the construction details, but ihis requires a flexible conlractual system too. 

The key features of the design philosophy refer to: 

‘ The strength of the ground around a tunnel ts preserved and deliberately 

mobilised to the maximum extent possible. 

♦ MobitisaliDn of ground strength is achieved by allowing controlled 
deformation of the ground. 

' Inrtial primary support is instelied having load-deformalion charac¬ 
teristics appropriate to the ground conditions, and installation Is timed 
with respect to ground deforniations. 

Instrumentation Is installed to monitor deformations in the initial support 
system, as wetl as to form the basis of varying the irutial support design 
and the sequence of excavaiion, 

* If necessary, additional layers of shotcrefe are sprayed which, in 
combination with ihe earlier support, function as the final support/ 
lining. 
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For the construction method, the key features are; 

* The tunnel ts sequentially excavated and supported, and the exc^avation 
sequences can be varied. 

* The initial cjround support is provided by sholwete in combination with 
fibre or lAietded'tfirire tabric relntorcen^nb steel arches (usuaily lattice 
girders), and somelirnes grourid reinforceirient(e.g, soil nails). 

* The permanent soppert is usually {but not alwyays) a cast-in-place 
concrete lining. 

* Additional layers, of sholcrete are sprayed which, in combination with 
the earlier support, provide the final support / lining. 

5.2.9 Grouffng 

5.2.&.1 Where tunnel excavation is to be carried out in poor ground conditions 
arising from various reasons such as poor quality rock (low strength rodi, sheared 
rock), excessive ground water, poor bnhavior due to very high stresses (high cover 
and festdual stresses), very tow cover area, etc, pre^grouting is a useful tedinique. 
Different types of grouting techniques used in Tunnelling are; 

* Consolidation groufiing - carried out to consolidate poor rock rnass, 

- Watef corrErof gfouting - carried out mair>1y to redu ce excessive g round 

water flows. Curtin grouting is one example of the Water control 
grouting, 

■ Contact gfouiing - carried out after the installation of a lining (either 
cast in-situ or precast concrete lining) to fill up tho gaps between, the 
outer surface of the lining and the excavated periphery. 

5,2.9.2 Consolidation grouting is earned out to consolidate poor ground mass. 
The grout pumped into weak mess gets filled inside the fissures and other open-ings 
and consolidates the ground mass or oveitaurden resulting in a cohesive mass with 
increased strength due to mixing of grout and geological material. It also controls 
any seepage to sorrie extent. Consolidation grouting is done generally through holes 
drilled froth the working face tengitudirralEy {with ar^ outward slopo) 1:0 cover zones 
yet to be excavated and also through transverse holes to stabilise the ground mass 
around the already excavated tunnel. 

5.2.9.3 Water control grouting (pregnoulirrg) is done through holes drilled to cover 
the zones ahead of the excavated area to arrest seepage of water into the excavated 
tunnel. Holes are drillad at an angle to the longitudiital centerline of Ihe tunnel, frorri all 
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round the periphery of the cresS'Sectiorif, The niimbef of holes and spacing depend on 
the circumstances Iriivolved, In areas of low seepa9®' Tunnelling can proceed ahead 
of the seepage zone and arresting the seepage can be carried oul with syitabte Jag 
behind the exca^/atkin face. Length of holes varies from 3 m lo 1-5 m. For atresling 
large seepages, careful planning is necessary. It is preferable to carry out such grouUng 
ahead of excavatton i.e. before tunnel face enters such zorte. The locations and extent 
of grout holes as we!i as the lyp& of grout and its composiUon have to be designed 
duly considering the vjgrious paramalers such as exact location of seepage, presence 
of porous seams, origin of seepage water, amount of seepage and its pressure, etc. 
Such grouting is best done using specialized agencies. 

5.2.9r4 Contact grouting is done using transverse driiled hoJes for cast in-situ lining 
to FrII up the voids caused by shrinkage of concrete or where fining concrete has 
not penetrated all excavated areas, CcnIacL grouting is essential where cast iri'Sliu 
concrete plugs are required for a tunnel In the case of precast and installed concrete 
lining the cavity behind is normally filled up with pea gravel artd grout is injedod inside 
to consolidate (he gravel into concrete. Grouting is also done in conjunction with pipe 
roofing to treat cavity formabons and as part of forepoling operations. 

5.2. 9,5 Grout used for these a pplications is generally neat cement grout. The water- 
cement ratio varies from case to case but generally ranges from 1:5 to 0.6. Similarfy, 
grout pressure will range from less than 1 bar to 15 bars depending on the materiai 
to be grouted and the ground conditions. Ca re shall be taken to limit the pressures in 
areas where possible fracturing of existing strata Is dangerous. Pressures are higher 
where fracture grouting is required/pennissible or for jet grouting. Fine sand ts added 
to the grout where large cavities have to be (]|ied up. Special grouts are used for 
treating seepages, using admixtures such as sodium silicate. Polyurethane Foam 
(PUF) Is also used often to arrest large seepages. Reference to relevant provisions of 
standards covering River Valley Grouting may also be made, 

5.2.10 Phiiifig of excavQt^ prdfffes and geofogicat mapping 

At the end of each excavatton cyde, the g&o-logging and prcfiie plotting of the 
excavated tunnel Is very important along with evaluation of toe efficiency parameters. 
After analyzing this activity, nexi cycle may be modifed to the required extent., 

5.2.11 Monitofing 

Depending upon the geology of the njck mass during tunnelling, convergence 
measurements at toe excavated crown and sides may be taken up with the help of 
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multi-pcinl bore hole extonsometers or studs and tape sKlfifisomeleFs. Ttie cycle of 
taking readings wilt depend upon the convefgence observed. 

5.1 Drilling and Blasting 

5.3.1 The blasting operation shall be so designed to get desired fragmentation 
with rtjqulsite advance per cycle of operations and I he biast induced ground vibralion 
levei within pernnissible limits in acoondanoe with IS 567’6. 

5 . 3 . t.1 The drills used for tunnelling are either pneumatitaily or hydraulically 
powered and having either air pusher legs and/or mounted on drilling jumbos. With air 
pusher legs it is always advisable to use templates for guiding the direction of drilling. 
The drilling jumbos have varying specifications. They can have a simple mounting 
arrangement on truck or rail. In most sophistiGated type cf computerised jumbos 
drilling programme is fed in for the total drilling cycle. The choice of drilling system will 
depend upon the size, shape and length at tunnelling work at hand as these arc the 
main factors deciding lolal economy of the project. 

5.3.12 For a successful blast it is most important to inlltally create a free face that 
is required to accommodate the requisite advance of subsequent serial blasts, For 
creating a free face ^barring the burn cut pattern) it is absolutely necessary to drill the 
blast holes In the fdtowing manners. 

* Cuf HotGSi 

These holes are located around the middle of the cut and are drilled at 
an inclination of aboul and are to be blasted first to create free face 
for next set of blast holes termed as Cut Spreaders. 

» Cwt Spreaders; 

These are Ihe next set of blast holes having lesser Inclination and are 
in two or more rings, They are meant to widen the free face created by 
blasting of Cut Holes. They are usually 15 to 30 cm deeper than other 
holes. 

' Cut lasers: 

They are drilled almost parallel to the tunnel alignment and are mainly 
responsible for the scheduled advance of the face. Humber of rings of 
these holes depends upon the size of the tunnel. 

* fr/mmers: 

These blast holes are drilled near the periphery to shape up the tunnel 
periphery to the requesite section as per the designs and with lighler 
charge to avoid excessive over hreaklng. 
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Where drilling is carried oul by hand-held roct? drills the diameter o! hole is minimum 
about 2S mm. In case of drilling carried out by mechanical Jumbo the diameter of 
holes are large to suit the rock drills. The diameter ot holes at deepest point shall be 
about 3 rnm more than the diameter of cartridge being used, 

S.3.13 The drilling pattern to be adopted shall ensure minimum over breaks and 
shall consurrae leosl quantity of explosive per unit volume of excavation, The drilling 
pattern depends upon teKluro and formation of nock, sise and shape of tunnel, strength 
of exprosives and fragmentation required suitable for handling. The following are the 
drilFing patterns most commonly used for tunnel drivage, 

i} Wedge Cut or V" cut DnlFsng Pattern: In this pattern horizontal cut 
holes are driver around the middle of the face, in an indinod angle of 
around 60"^ to the face towards the oentre. Maximum explosrvo charge 
cohoenlratian is required at the apex end of the blest ho^es as they are 
to he blasted at the first instant for creaGon of the free face, 

2} Cotye/Fyi^mid/Diemond CiA: This kind of cut is suitable for laminated 
rock type which is of sedimentary in nature. It also helps in drivage of 
smaller cross-sectional area tunnels so as to break the rock along the 
cleavage planes. 

3^ Bijrn (Par&iht) Cut Holes: The hum cut holes are drilled parallel to the 
tunrtel advance and perpendicular to the face of the tunnel. Some of 
the drilled holes (imostly in the middle section of the face) are holes 
of large diameter [say 100 m.m.] or a set of closely spraced holes of 
DOnventionai diameter [4fi to 56 mm] and are left as dummy holes 
without any explosive charge, so that they act as free face for the 
heavily charged blast holes around. Specific Geometrical relalionSihip 
in between the diameter of dummy holes and spacing in between 
dumrny holes and charged blast holes is required to be maintained tor 
the given rock in order to create the free face. 

With Burn or Parallel holes cut possible advance per round is longer as compared to 
than that with angular cut holes. Success of Burn or Parallel Hole Cut depends upon 
accuracy in keeping the holes parallel. This requirement and requirement of holes of 
largo diameter or a set of dosefy spaced holes of conventionai diameter calls for use 
of drilling Jumbos. 

5.3.2 Blasting 

5.3.2. f Charging of blast hotas 

The explosive cartridges shall be inserted in to Ihe blast holes with great care so (hat 
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the detonator leads are not nibbed or damaged in the process. The wooden tamping 
rod ot suffident and requisite length shall he used for the purpose. The stemming 
material ideally could he of mud cakes or preferably pneun^tic chaiige locks. 

5J.2.2 Cboitie of 0 }Lpfosive$ 

The best choices for the blasling operaliorTs are the emulsioc explosives produced by 
iniimato and homogefteouE mixer of oxidizer and fuel. Basically emulsion explosives 
consist of micro droplet of super saturated oxidizer solution in oil matrbt. They are 
in the form of water-ln^oiE emulsion. The various advantages associated w\b use of 
emulsion explosives are as below; 

- Emulskxn explosives are much better water resistant than water gel 
slurry or AHFO, This is because the oil-phase envelops the water 

phase. 

* They are safer to handle, store and use because of their relative 
insensitivity to detonation by friction, impact or fire. 

- Due to the oxidizer droE>-1et ^ze (0.2 fe 10 micron) they have higher 
value of Veiodty of Detonation (VOD) which can tackle the toughest 
Tock conditions very effectively and that too with out com promising on 
safety standards. 

- Since emulsion explosives are more oxygen balanced they generate 
minimum noxious fumes and very toss smoke. This in turn can reduce 
the ventilation time atter the blasts and further can shorten the cycle 
Ume of operations. Liquid emulsion explosifves are pumpabte and 
charging time can be cut down. 

5.3, 2 .3 Repurremenf of expJtisfve 

Mormally. the consumption of explosives in tunnel blasting is much more than that 
required for open cut. basically because in case of open cut blasting, existing free 
face is available whereas in tunnel blasting it has to bo created. For road lunnels. the 
Specific Charge or Ihe Powder Factor is nornrally around 1.2 kg/cum of in-situ rock 
on an average. However, this requirement of expJosiv&s may vary from site to site 
depending on the geological strata involved and the cross soclion of the opening. 

5.3.2.^ Cfroj'ce of irrrfjetfOfl system and sa/eo(ran of defsy sequence 

Selection of delays In initiation system and timings shall be such as to CTcaie a free 
face effectively by moving out the broken rocH mass so much that the rock volume 
after swell from subsequent btasts must be acoomnvodated. For this tha fracturing and 
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breaking ti™ of [he rock arxJ [inrje required for spreading oul cracks in (he rocks is 
to be studied It, basicalty, all depeixis on condition of rock. In herd and britUe rocks 
Ihe speed of devebping cracks is faster than lhat in softer rocks. This rock breaking 
speed can vary from 1-3 rnitlisecond lime per meter, Bui the ejection speed of rock 
efleirthe blast may vary from 20-30 m per second i,e.20-30 mm per milli-seconds, So 
it can be understood lhal for a 4 m long blast holes the broken rock takes about 300- 
4D0 miili-seconds for complete ferrxival from the face. Predsety. for Ihis reason long 
delays (hatf^aooond, 30G (o 500 milli-^condsj are preferred for tunnel blasbng. Tho 
short [about 50 milli-second} debys can be used in baby-cuf arxi cut holes as they can 
provide the rsjquisite intttal shattering effect for rock breaking and forming- a free face 
for ea&or arxl Irimmers. The advantages of delay detonaterrs are; 

" Belter fragmentation^ 

- Reduced secondary blasOng, 

- More uniformity in size of fragmentation^ 

' Important advantage is more holes can be fired in a singla btast with 
Vibrations, concussion and rxjise. 

5.3.2,5 Type of initiation sysfoms 

The available initiabon systems are eilher Shock Tube system or Combination of 
Milllseccind and Half second efeetric delays. In shock lube system precise calculation 
of Iho requisite delay intervals is possible whereas, in case of electric delays there are 
always short comings in respeci lo the delay bmings because of permitted tolerarxe. 
These days. Electronic Delonators (“E"Dels) are avaitabla for precision timings. 

5.3.2, e Misfiras 

Misfire can be defined as a blast hole lhal has not fired during designaled blasting 
Operation owing to fbllowlig causes. 

■ Due to manufacturing defects. 

* Due to desehsttization of explosives. 

■ Due to faulty connactions or fau Ity blast designs. 

* Due to negligence in following laid down rules & regulations. 

* Due to prevailing Geological conditions. 

* Due to circumstanfial conditions like water bearing strata 

For dealing with misfirea ralevanl IS codes and sKplosive rules shall be followed. 
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5. 3 . 2 , 1 Conrro/fed blasting 

Tte concept of controK&d blaslang as applied to tunnel blasting is for minimizing over 
breaks and has many advantages tike: 

1) Less da m age to peripheral rock, 

2} Reduced raciaireme ni of support system, 

3) SaTer tunnel operation in general. 

4) Reduced roquifement of scaling, 

5) Red uction in over breaks. 

Controlled btasling generally invotves a doser spacing of contour (perinnaterl blast 
holes vchtch ar^ also called as trimmers. They are charged with lass explosive than 
that of the production blast holes. The spacing thumb mie is about 10-12 limes, of blast 
hole diametof In hard mcks and about 5-6 tirrtes of blast hole diameter in soft rocks. 

5 .3, 2.3 Aif column method to reduce biast induced gmtnd vibrations 

in order lo reduce Ihe cracking or damage to the strata at the periphery It is advisable 
to use “Wr-Column Method” which can minimize the redial vector component of blast 
induced ground vibrations. This method oorrsists of inserting in to the btasl hole an 
inert spacing device of a length about four times of the diameter of the blast hole prior 
to charging of first explosive cartridge, This leaves requisite air gap in between the 
explosive cartridge and the end of the blast hole. With this method a plain straight 
tunnel face can be secured for next drillirvg cycle with out any cracks. 

5.3.2 ,9 Emciency of blasting 

Efficiency of blasting shall be routinely assessed by tabulating Pull. Specirre Charge. 
Specific Drilling, Detonator or Hole Factor, Blast-induced damage and Overbroad 
Underbr^k against the values assumed during planning. 

5.4 Non-Structural Works I n the Tunnel 

Non-slf uciural works inside road tunnels involve oonstruction of Side Drains, Walkways, 
Crash Barriers, Kerbs and Road Carriageway, which can be taken up simultaneously 
with the other works. 

5.5 Tun rtel Furnishings 

Tunnel Funfiishings generaily comprise of InstaJiatjon of Fire Fighting Water Lines. 
Walkway, Cable Racks, Cable Boxes, Tunnel Lighting. Tunrwl Ventilafcn System, 
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TeEepj^one Slatons, Signage and CstiCralised MonKcmng System such as CCTV etc. 
Fumishin 9 & can be cwiveniently insSaJled after coinplobon of the Road Carriageway 
work., 

5.6 HairTunneEa 

5 . 6-1 pBasMity 

Fof canstructlon of roads rn precipilous mountains, half tunnets can be huiit'h !he 
difficutl lerrains, tike vertical hUls/diFfs to minimize Ihe excavation quanlity as weti as 
time and cost Half tunnels shall be constructed in setected patches of roads if nock 
formation is suitabie, A camparative techno-economic study between hatf tunnel arid 
a futl face mad tunnel shall be made. 

There is not much similarity belween half lunnels and lunneEs, White lunnets are 
possible to be oonslructed in any kend of strata, half tunnels may be possible only with 



the following geological conditjems. 

i) Fresh and less weathering prone and competent hard roclc 
(i) Massive or blocky foimatlon. 

Ill) Jcini planes i,e. bedding shall be horizontal to sub-horizontal and shall 
be favorable for hatf tunnetiing. 

iv) Fresh and less weathering prone and competent hard rock. 

V] Massive or blocky formation, 
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Joinl planes i.e. bedding shall be horizontal tri sub-heri£on.tal and shall 
be favorable for half tunnelling, 
vii} Joint spacing shall be more than 3 m. 

viii) Joint planes should be undulaling rough arid tight, 

ix) Joints should be froe from day fkliing. shearing or fa ull. 

Half Tunnelling is Feasible even in sedimentary strata such as sarwlstone- limestofie 
etc. provklecl joints are widely spaced and free from miing/sheared material, 

5.6.2 Ooffign of hoU tunnefs 

There seerris to be no standard procedure for construcUon of half tunnels. It appears 
that benefrts of availabte geology and terrain have been derived by construction 
engineers to build such half tunnels in very critical locations with tho help of exponenc^ 
blasting experb For better appreciation, geotogical mapping shall be done and joint 
sets properly recorded and data made available for the design of the haif-turtnel. 

5.6.3 Qonsfrucffon meftodotogy tor hB\f funnels 

Havirtg decided about the location of a half tunneK Ihe sequence of oonslruction shall 
be as under: 

1 ) The formation level be tween the two points of Ihe road shall be marked 
to asses required height of cut. 
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2 ) Then a tracer path shall be cor^sEmcted by deploying Eahou r with ma nual 
tig hi tmls, rock breakers etc. as seen in Photographs below. The size 
ot tracer path can be about 1 m wide and T5 m high. 

3) Atler construction of tracer path, 2nd operation shall be of lowering 
the firs-t bench which also has to be done manuaily because of spaco 
constraints 

4) Durirtg the excavation sides of the trace cot a nd first bench shall be 
shotcreted or stitched by rock bolts depending upon the geology of the 
rock mass. Repeal operation of towering to the next bench shall be 
continued till required formation level is achieved, 

5} Machinery shall bo used for drilling and blasting^ mucking and rock 
supports as and when sufficient working space is created, The blast shall 
be properly designod (0 keep the shattering of Uie rock to minimum. 

6 ) The process shall be conUnued lill full width of Half Tunnel at the 
formation level is achieved. 



TRAj(^ path on steep slopes 


1 

I 
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The whole process of consIructiOfi stages is depicted in the sketch below: 



6 J,1 To ensure that th e Tunnel is so oonslfucted as to serve the intended puipo&e 

salisfactorily^ adopiion of apprapriale Quality Assuranoe (QA) and Quality Control 
(QC) measures is osaontiaL The Oestgn and Construction works shall bo taken up 
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only aflfif an approved Quality As&urance programmie and an approved Oualily 
Control Pragramnne are in place for e&ch aclivity. While tha QA system ensures the 
eatabllshmenl of appropriate procedures and systetns tor ensuring the necessary 
quaiily, (he QC systeit^ ensures Iriat the establish Systems are duly adhered to. 

5,7,2 In the Design stage the QA/QC systems shall cover, at minimum, proper 
estabtjshmsril of One requited cib}ectives, laying down of proper procedures for the 
I design^ fol lowing estabtished methods, de ployment of compelenl and capat^e people, 

I the setting up of a suitabfe monitoring and supervision system, etc for the design 

j activibes. 

I 5.7.3 In Oie Construction stage, Lhe QA/QC systems shall covet, at minimum^ 

I the tayirtg down of appropriate construction procedures, checks on lhe qualities of 

[ the personnel, machines af>d the materials deployed in the woi1(S and suitabfe tests 

I on the competed sliuclure. All processes involved in lhe oonslrudfon on and off the 

Sits shall' be duly covered, Preperalion of detailed Construction Method SlatemenI 
i in advence and slricl adherence to the same are essential to ensure good Qualtly 

I Practice. 

I 5.7.4 The Project Quality Plarr covering the above at various stages shall be 

I prepared by the owKsmed agencies and got approved by competent authority. Such 

systsTTis shall be duly followed by all concern during the Design and Hie Construction 
I stages, 

’ 5.7.5 Wherever relevant, existing Metional Standards and where Liey are 

1 deficient, the relevant international Standards or Good Engineering Practices shall 

I be adopted while drafting the QA/ OC system*. The Referervce Numbers of such 

I standards referred shall be duly listed in the relevant Manuals for ready reference. 

I 6 SAFETY DURING CONSTRUCTION OF TUNNELS 

6.1 General 

I 6,1.1 

i Working in underground structures such as tunnels is an inherently risk-prone adivity 

and the risk element increases, with ionger lengths of (he tunnels, poor rock conditions, 

I etc. In view of this Ihere Is a responsibility on all stakeholders -owner, consultant and 

constructor ^ in tunnel projects to ensure absolute safety during construcUon, There is 
I increasing awareness nowadays of lhe importanoc of Safety, as well ag the broader 

I Safely, HeaEth & Environ rnenl (SH E ), aspecis of consiruction. Respect for human ilves 

is the fundemenlal criterion and there are many side benefits o.f ensuring absolute 
safely such as increased morale, improved productivity, enhanced prestige, etc. 
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5.1.2 Applicahis regulations 

The varioos acti-vilias involved in tunnel co-nslnjctkiri are generally covered by a 
nufTiber of codes, acts and regulatioris. Sotne of them are: 

' Indian Exp lo$ive Ad -1 S&4 

* Mines act-1952 

■ The Explosive Rules -1963 

' Mines Rules-1955 

■ IS 4081 - 19&6 Safety Code for Blasting & Relaied Drilling 
Operations 

* IS 4756 - 197S Safety Code for Tunnelling Works 

All the agencies Involved in the oonslrudion otf tunnels shall ensure that all applicable 
rules and regulations are duly compliad with in strict conformity wilti Ihe spirit and 
body of such regulations. 

6.1.3 Pfo^d safety pfen (PSP) 

Since each underground project has its own peculiarities and special features in view 
of topography, rock.features, etc, it is very esserttial for each tunnel project to carry out 
a comprehensive Risk Analysis of the particutar project and evolve a Prqect Safety 
Plan (PSP). While the agencies concerr>ed may adopt the stand ard provisions of their 
respective organisations, ft Is- essehlial to have a projed-spedfic safety plan, which 
is fatty relevant to the parttcular site. The PSP shall be prepared by Ihe concerned 
oonstiuction agency and got approved from the competent authority. The PSP shall 
address all sitesfpecific issues and tackle all the risk elements identified, 

6.2 Basic Aspects 

B.2.1 Basf c philo^hy 

For Underground oonsiruclion in rock a tundamental safely measufe ■would be to 
assess ^e type and category of rock and establish its stand-up characlerislics. It Is 
common practice to divide the classes of rock from Claes 11ci Class VI with the higher 
numbers cfenoUng weaker rocks. It is essential (o provide adequate rock supporting 
measures before the expiry of the permissible stand-up time for the class of rock 
involved. Supports should be instalEed speedily and effectively. The commonly adopted 
supporting measures in increasing order of complexity are rock bolts, sholciete (with 
or without vvire mesh, with of without steel fibre inclo$ions), steel ribs with concrete 


7Q 








iRC:SP;91.2010 

fagging and back-packing i grouting and pennanert cofKr&te lining. The most complex 
supports are the provision of umbrelia tubes used along with forepollng and grouting 
techniques. The size and shape of the undergrourrd instaiiations $hail be conducive to 
safe and smooth operations. 

Apart from this aJf operations connected with Ihe construction of lurneis shali be 

anafj^ and appropriate safety precaulions taken through Ihe implemenlation of the 
PSP. 

6.2.2 Persomf pfotective &qwpmer}t 

All personnel enteting the tunnel during oonslojctfon shall wear all applicable Personal 
PnotecUve Equipment [PPE]. The PPE shali comprise, at minimum, Safety Helmet, 
safety (hard) shoes, tight clothing with no loose ends and jackets/dolhlog with reffective 
stripes. Aefditioiat PPE such as goggles, gloves, dust masks, hgimel lamp^, etc shall 
also bo adopted wherever conditions so warrant. 

fi .2,3 Access control sy^imts 

A proper access control system should be in place to have a c^ear Idea at all times 
on the Identity of all personnel who are inside the underground mstallalions in case 
any accident lake place and rescue operaEions aro to be launched. Jt is also essenliat 
to keep track Of all equipment inside the tunnd. It is common to issue token to atl 
concerned personinel and make them deposit the tokens while enteriryg the tunnel and 
retrieving (he same on exilinig. 

6.2,4 Sigrtstgs 

Well-ifluminated sign boards shall be placed at required locations to inform people 
of safety hazards inskle the tunnel and the precautiorts to be token. Some of them 
would include warning regarding blasting, rock falls, faquiromenl for wearing helmets, 
prohibition of uraulhoiised eutry. etc. 

6 J. S Safely systems 

The contractor's personnel shall practise all standard safety systems. These would 
include at minimum, safety induction (initEal training in basics of Safety] ar>d training 
(routine training) exorcises, medical seroening of personnel for working inside tunnels, 
system of penmits for simultaneous operations in vadous locations, pop talks (r^ular 
talks to workmen before they commence work on importancg of safety and how 
r>eoBS3ary il ls for therm to observe safety regulations for their own welfare) and tool box 
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talks (specificsafely ii^slnjctionsat the S4te in m specificarea of worklorth&workmen), 
talks on specific operations to be earned dui on the day, safety walkaboutsfgeneral 
safety observance checks carried out by safety stewards by going around Die site 
and checking observance of the various safety regul 3 lions,efe), safety audiis, safety 
reviews and mock drills, 

6,3 Drilling and Blasting 

6.3,1 Dfifdfig operatbns 

Only wet drilling shall be permitted. Drilling shall not he resumed after blasts have 
been fired unDl a thorough examination has been made by blasting fereman^ (head 
blaster) to make sure that there are no mrafiiEd charges, which the drill may strike. All 
holes shall be of slightly greater diameter than the diameter of cartridges of explosives 
used. A drill, pick or boro shall not be inserted In butts of old holes even if ejorninalioo 
fails to disclose explosives. Separate hoJes shall be so drilled as to he nowhere less 
than 30 cm dear distance away from (he previous hole. Charging of drilled holes and 
drilling shall not be carried out simultaneou-sly in the same area, unless Nonet type of 
detonators are used and adequate precautions have been taken. 

6.3,2 Blasting operalions 

WhofO blasting operations are to be conducted, suffEdent warning shall be given to 
all staff and workmen prior to blasting. Call phones are usually prohibited in areas 
whore blasting operations are conducted. Sufficient protoctive bulkheads, etc, shall bo 
provided to enable personnel to lake shelter behind during blasting 

All explosives shall he handled and used with care either by or under the direclfen of 
competent persons and following the Indian Explosive Act, 1834, Explosive Rules. 
T983, end IS 40S1 -1967 Safety code for blasting and related drilling operations. 
Explosives and detonators shall be placed in separate insulated carriers whether 
carried by persons or conveyed mechanically and an attendant shall ride with the 
explosives being conveyed mechantcally on slopes In shafts or in underground work 
areas. For carrying explostvss mechanically, prior permission of Chief Inspector of 
Explosives shall be obtained. Insulated containers, used for carrying explosives or 
detonators shali be of approved manufacturer and shall bo provided with suitable 
non-conductive carrying device, such ss rubber, leather or canvas handle or a strap. 
Explosives and dfetonafers shall be brought to the working places in separate^ tight, 
well insulated containers, and kept in the containers until removed for placement in 
drill holes. If drill holes are not ready, they shall be stored In tocked box type magazine^i 
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located ai g safe dFStaftce of at leasl 170 rtt from the working spoce. No person other 
than a shot finer shaK carry any priming cartridges into a shaft, in which the sinking Es 
in progress. No such cartridge shait be so carried oxcepl in 3 thick foil bag or other 
container sufficient to protect It from shock. 

Electric firing shalf be done by an approved method. Alt drilling equipment ^nd 
personnel not engaged on loading shall be removed from the sile before loading of 
holes slarls. Loading a round shall be completed by the crew starting the work of 
bading. Firing of round shall be the responsibility of the blasting foremarir Only day 
slicks or pneumatic air locks shall be used for separaUon of charg&'st&mming of the 
holes. 

aefore use each and every efectric detonator shall be tested for a positive test with the 
help of an ofimmeler. Before shot firing, toe circuit shall be tested for insulation arnt for 
continuity. Before a shot is fired in an untterground wortcing pfaoe due warning shall be 
given lo persons within 3S0 m in all dsreciUons and every eofrance to the place where 
a shot is about to be fired shall be guarded so as to prevent any person, not having 
received warning from placing bimsetf in dangerous projtfmity to the 5 hol 

In case an exploder is used the revolving handle of the exptoder shall be in the custody 
of the blasting foreman to prevent anybody else firing the shot wherr the blasting 
foreman and other persons are inside. Stray currents may cause accidents while 
loading and utmost care shall he taken in removing all faults froni electrical drcults. 
Electric power, light and other drcuits in toe vldnfty within 70 m of toe loading points 
shall be switched off after charging toe explosive and before Ihe blasUrYg operation 
starts. Power supply is to be switched on only after the blasted area has been properly 
inspected by the blasting foreman for misfires. All tracks, airlines and vent pipes shall 
be kept properly grounded. The heading shall be properly lighted with the oleoEric 
floodlights before and after blasting. 

6.3.3 Srrsj:i^ctof} after bia^Ung 

Immediately aftef a blast has been fired, the firing line shall be disconnected From 
(he Masting machine or other source of power. When at leasl 5 minutes have passed 
after the blast was fired, a careful inspection of toe face shall be made by the blaster 
to determine if alt charges have been exploded, Electric blasting misfires shall not 
he examined tor at least 15 minutes aFtor failure to axplode. Other porsons shall not 
be allowed to return to toe area of blast until an ALL CLEAR' signal is given by the 
blasting foreman. 


I 
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All Wires shall be careTully traced end search madt for any eiiploded cartridge by Ihe 
man-in-charge of the blasling operation. Sufficient time shall be given forlbe fumes to 
clear before permitting the labour to work for mucking operations. 

a,3,4 Misfires 

Misfired holes shall be dealt with by (he blaster preferably by the same person who 
haddorte the charging operattoos. If broken wires, faulty connections, or short-circuils 
are determined as the cause of a misfire, the proper repairs shall be made, the firing 
Line reconnected and the charge fired. This shall be done, hov^ever. onty after a careful 
inspection has been made of burdens remaining in such holes ar^d no hole shall be 
fired when the burden has been dangerously weakened by other shots. Tho charge 
of explosives from a misfired hole shall not be drilled, bored or picked out. Misfired 
charges, tamped with solid material, shall be detonated by a safe approved method. 

The stemming shall be floated out by the use of water or air jet from hose until the 
hole has been opened to within &0 om off the charge, and th# water shall he pumped 
out or siphoned off and the new charge placed and detonated. Whenever this method 
is not practicable, a new hole shall bo drilled 30 cm deep and spaced bol nearer then 
60 cm, shall be loaded and detonated. A careful search shall be madeof tha unoxploded 
materiaL in the debris of the second charge. 

6.3.S Scaling and njticking 

It is essential to carry out proper scaHr^ operations after each blast to remove all the 
loose rock pieces and guard against rock falls. Many accidents in tunnelling rasull 
from rock falls than any other cause. Carerul and frequent inspection of walls and 
roofs as wall as of lunnel supports shall be carried out. Thorough scaling of loose 
rocks at all weak spots Is the best preventive against rook falls. Periodic inspection of 
unsupported sections of the tunnsl from a travelling scaling platform shall be earned 
out for locating weak spots. Supported sections shall also be inspected regularly to 
make sure that the weakness of the formation has not spread beyond the supports. 
Loosened rock shall be supported/ removed forthwith. All supports shall be checked 
occasionally to make sure that there is no member under distress. All scaling platforms 
shall be equipped with safe ladders. 

6.3.6 1 nstallation of supports 

Following the basic phifosophy elucidated in the earner section, design and installation 
of appropriate supports within the stand-up time for the particular type of rock is the 
most important steps lo ensure proper safety for all personnel inside the tunnels. 
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Special watch shall he maintained fof uncontFolled collapse of the Taco or PdjacenI 
areas, slidang an of muck and water, elc. 

6,4 Ventilation and Noise Pfotoction 

Ventilation shall be carried out in tunnels to make the working space safe tor workers 
by keeping the air fresh and by eHminating harmful and obnoxious dust, explosive 
fumes, exhaust from operating equiprrrent, particuiarty dleseln^peraled equipment, 
and other gases. Mechanical ventilation shall be adopled where necessary to force 
the 'air in or exhaust the air out from the working face to the portal through duois. 
Externally located tong operate in forced ventifaticn and induced venlitotion modes 
to supply air through rigid or more commonly, flekbto ducts. Intermediate bcxost&r 
fans ensure bettor supply for longer duds. Ventilation is also necess^^^y to e-nsure 
temperatures of not mofe than 4‘’C dry and 29“C wet at the working place, VenSlation 
shall be properly deslgried considering the tunnel topography and emission levels 
Inside. The volume of air required generally depends on length of heading, sise of 
tunnel, type and amount of explosives used, frequency of blastingp and temperature 
and humidity. Where the temperature is high or heavy blasting is resorted to suitably 
augmented volume of air shall be provided. 

II is important to be alert all the lime for the presence of toxic gascis in underground works 
and appropriate instrumentation should bs provided to keep irack of the ambient air 
quality at all times. Proper records should be maintained of specific measufemenis of air 
quality at regular intervals throughout the day after blasts or majof mcktolls. PaiHoutairly 
after each blasling for undefground n3d< excavation, the ventilation measures should 
be set In place quicky and effectively for de-fumlng and personnel should be allowed 
to enter only after establishing ffial the air quality is suffidenEly acceptable. In certain 
regions geothermal condiBons prevail and cooled air should be supplied to enable safe 
and comfortable ‘working conditions. In any case appropriate well desigrted ventitetion 
sysleiTts should be put in place to ensure pfoper ambaent oonditions. 

Air Quality Testing - The tests Shall be carried out once every 24 hours but in any 
case after every blast or a rriajor rocH-fall. In case ariy of the gases are detected to 
have crossed Ihe threshold value indicated (herein, the workmen shall be withdrawn 
Immediately till the percerttage Is brought down well below the threshold value by 
improving, Ihe ventilation or by other effective measures. 

Apart from ventilationi, Nase is another factor which is proMetnaUc to underground work. 
Sufficient steps should be taken to reduce (he nofiso levels to acceptable limits and 
workman and visitors should be asked to wear ear plugs/muffs, etc where required. 
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6.5 Lighting 

Adequate lighting atell t>e provided al the face and at any other point where work is 
in progress and al equipment installations such as pumps, fans and transformers. 
A minimum of 50 lux shall be provided at tunnel and shaft headings during drilling, 
mucking and scaling. When mucking is done by lipping wagons running *™sv 

tracks a mininium of 30 lux shall be provided for efficient and safe worki ng. The lighting 

in general in any area inside the luonei or outside an approach road. etc. shall not be 
less than 10 lux. 


Emergency lights (battery operated) shall bo installed at the wrsfong (aces and at 
Intervals along the tunnel to help escape of workmen in ease of accidetrts. W 
supervisors and gang-males shall be provided with cap lamps or hand tacftes. It shall 
he ensured that at least one cap lamp oi hand torch is provided for every batch of 
tg people. Any obstrucliun, such as drill carriages, other (umbos and drilling and 
mucking zones to the tunnel *ali be well lighted. Hand temps shall be equipped wdh 
strong cover of glass or other transparent material, d ust and waterprool, and equipped 
with a strong guanJ over the cover. The exterior of all hand lamp sockets shall be non- 

m^tallk:. 


0,5 Communicntlon System 


5,6.1 tVam/ng signs fl/Jd nofite boards 

Irrespective of length and bends in the tunnel, airangoments shall be made for 
transmitting of warning sonata by any one of the following means; (a) By elecfocally 
operated bells, operated bybattefy.'dry cells with the hell placed outside the tunnel and 
the position of the switch shifting with the progress of the tunnelling work. The positron 
of the operating switch alBiough temporal shall be so chosen as to ensure pmpsr 
accossihility and easy identificalion . (h) By too use of field (magnet type) tetephon^ 
For tunnel lengths up to 100 m, only one of the systems mentioned above ntay ta 
adequate whereas In tunnels ot length more Bian 100 m at least two systems shall be 
installed with the wires running along opposite sides of the tunnel, if practicable. 


6.6.2 Telept}orKi system 

^ telephoine system sbali bo provided to ensure positive and quick meihod of 
communication between alt control loca.tions inside lunnel and portal of toe tunnels 
when longer than 500 m and tor shafts when longer toan 50 m. 
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QCJV-iystems 

Closed Circuit TVs are often cfeployed lo keep g contintious watch on iinder^roui!T«:l 
installations from the Control Room on top. 

67 Protection Against Fire 

6.7.1 (jertoraiT 

All combusliWe materials like rubbish shall be continuously removed frojinsuch areas 
where flamnnabie liquids are slorsi, handled and processed. All spills of flammatiie 
liquids Shall be cleared up immediately. Containers of fiammabie liquid shall be lightly 
capped. All waste and combustible rubbish shall he removed at feast daily fmani the 
tunnel. 

6.7.2 Fire system 

Fire IndtJence Detection Systems should be able to detect the fire very early In 
its development and also aocuralely locate the position of the fire. The degree of 
accuracy depends on the lype of active Are safely systems that may be installed in the 
tunnel- II is recommended that fire-fighling equipment such as hydrants, hose reels 
and extinguishers ara strategically located wrthin the tunnel. Fire extinguishers and 
fire-buckets appropriate to the hazard shall be conveniently located and klentified. 

6.7.3 Electric^ instafiations 

The electrical installations should be carefully designed and executed and regular tests 
should be carried out to ensure safe conditions and emergency oulnoff procedures. 
Electricity leakage monitoring systems should be In place. 

All parts of the electrical Installafion shall have all conductors and contact areas of 
adequate current carrying capacity and characteristics forfiia work they may be called 
upon lo do and alljoints In oonductofs shall be properfy soldered or otherwise efficiently 
made. They shall be so constructed, installed and maintained as to prevent danger 
of fire, external exposition and electric ahock. be of ad&quate median leaf strength lo 
withstand working conditions underground, be not liable to be dairraged by water, dust 
or etectrica!, Ihemnat or chemjcal action, lo which they may be subjected, be efficiently 
insulated or have all bare live parts enclosed or otherwise pnolecledf and be installed 
at such a bcatiori that dumpers or wagons do not come In ccnlacl with the samo. 

On the occurrence of a fire caused by any elecincal apparatus or a fire liable to affect 
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a ny eledrical installaticin; the supply of eledricEty should be cut ofif from such apparatus 
or Instaflatiun as soon as pracUcabte, and Ihe fire shall be attacked and reported (o 
the nearest avallabie supervisor. As far as practicable, combustible matenal shall not 
be used in the oonstructron of any roomi or recess oonlahing electrical apparalus. No 
flammable mateiial shall be sicired in nooms, recesses or compartments containing 
electrical apparaljs. 

Adequate fire extinguishing equipment suitable for use on live parts shall he kepi 
ready for immediate use in or near any room, recess or compartment oontaining such 
part£ as will be readily accessible safely for use in case of emergency, Tfils equipment 
shall be inspected at least once in a month. 

6.6 Housekeeping 

6.5.1 Genera/ 

Only (he motenals required for work in progress shafl tro kepi inside the tunnel. AJI other 
materials shall be removed from inside the tunnel. Sufficient width of the formation a$ 
even a,s possible and without any obstacles shall be cieatisd to enable the workers to 
gel out of Ihe lunnel quickly in case there Is any collapse or any other mishap Inside 
the tunnel, 

6.6.2 Traffic contoi 

Transport of Material'. Vehtcles carrying pipSf rail and timber shall be properly loaded 
for safe passage Ihrough the lun neE. The load shall be kept within the side tirnita for the 
vehicle as loads prelecting over the sides are dangarous to men working in tha tunnel. 
For transportadon of wide leads spedal care shall be ensured in the operation of the 
vehicles with prior warning to the wodemen along the tunnel to erisure a safe joumey. 

Transport of Employees'. A safe and snvDolh walkway system shall be provided (or 
employees* suitable separated from vehicular roads by guard railing. For transportation 
of employees by vehicles proper safely precautions shall be taken. 

6.8.3 P(pes end c^b/ea 

All water and air pipes as well as elecirical cable shall be arranged along the sides of 
the tunnel, duly supported at regular intervals ar>d in a systematic and neat fashion. 

6.8.4 Water oontrof 

Sudden water ingress can be a catastrophic situation irt certain underground areas 
and emergency dewatering systems should be In place to tackle such situations, 
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1 Many Umes water seepage is encountered in underground excavaCons, Prima facie 

I this is not a dangerous indicatioji by ttseif. It is an indication of fissures in the rock and 

; presence of water streams nearby, which have to be kept In v^atch. Excessive ingress 

of water can give rise to unstable conditions and has to be carefally monitored. Also, 
For good working conditions fnsirfo underground encfo$ureSr continuous dewatering to 
remove (be excessive inftow is essential. 

' A study of boring data and geoJogical formations shaEI made to have an indication 

I of locations, where water can be eig^eded. Water inflo'iv may be reduced or even 

I entirely stopped by groutind of the wet seams. A wet area covering more than a single 

I seam shall l>e sealed off by installing a suilabte section of coocfete lining, In case of a 

steady flow of water from (he roof or side of the tunnel Ihe flow shalt be deflected down 
the sides lo sumps by metal shields. The number of pumps provided at site shall be 
I 50 percent rnone than the nequtrements calculated on the basis of the estimated 

I pu mplng needs, or at least one number, whichever is more. In case of stee pfy inclined 

tunnels steps shall be provided for quick exft in case of failure of haulage. Girtters 
and sumps shalf be kept clean. SuitabJe afrangemeiil shaLI he made to indicate the 
I posftiori of surripB in case tunnel invert is tfcioded. 

I 6.9 Emergency Management System 

^ An Emergency rnanagement Plan shall be part of the approved Project Safety Plan 

and shall be weJI communicated to alf wQri(ing personnel and well displayed at Ihe 
I site. Emergency Rescue Measures should be drawn up to take care of various 

] possible contingendes. It would also be advisable to provide safe rooms in deep 

I installations where people can teke shelter for a few hours In case of an emergency 

Buried large diameter pipe lines leading to outside can be provided to offer a medium 
for communication and feeding in air sup ply In case of any col lapses end Wod^ages of 
I the er^trance to underground installations. 

I 

7 VENTILATION AND LIGHTfNG 

1 

7.1 Ventilation 

7.1.1 Weed tor veiefrfatfoo 

Ventilation is Ihe process of expelling sfagnanl air and introducing Fresh air in an 
enclosed space. In road tunnels almost all Ihe vehicles using the tunnel are internal 
I combustion engines. During their travel, these vehicles go or releasing a conllruous 

I stream of obnoxious exhaust fumes and smoke. These fumes and smoke escape into 

the atmosphere in case of ■an open road. However, inside a tunnel, these exhaust 
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furries and smok« coltecl and keep on hanging near the roof. If a lunnef is not prcl^le^ly 
ventilated, increase in ooncentrgtton of the exhaust fumes and smoke results in 
reduced visibility and sitwving down of traffic and discomfort to the vehicle users. The 
rnairi intention of venliEation is to create user-friendiy beaithy environment inside a 

lunnei. 

7.1,2 emfss/Od 

Internai combustion engines used for pcwvering most of the vehicles plying on roads 
are either of sparit-ignition type or of compression ipnilion lyp&. Each of these types 
generates obnoxious exhaust fumes and smciKe with different characleristtcs. Major 
constituents of these obnoxious exhaust furrues and smoke are caition monoxide, 
carbon dioxide, oxid es of nitrogen and sulphur dioxicte. in addition to these components, 
spartt-igniUon type engines also omit un-buml hydrocarbons to a very small extent. 

- Carbon monoxide ICOJ is an ododess loxic gas which when Inhaled 
combines readily with blood hemoglobin in preference to oxygen, 
reduces oxygen carrying capadty of the blood and shows toxic effects 
which could be fatal after long exposure, The process gets reversed 
upon timely exposure to fresh air 

- Carbon Dioxide ICOJ is toxic ority at very high levels of concentration 
which are well above those found in vehicular traffic tunnets. 

- Oxides of Nitrogen are of two types viz, Kilrtc Oxide INO] and Nitrogen 
Dioxide [NOJ, These oxides urtite with water and form nitrous and nilric 
add in the iungs and destroy the funchoning of lurrgs. 

- Sulphur Dioxide (SOj] forms sulphuric acid and causes toxic effects, 
However, SOj is a very small component of vehicular emissions. 

— Hydrocarbons are also a very small comporrenl of vehicular 
emissions. 

7.1.3 effect of gradient and speed 

When a vehide travels on an up'^radienl, it needs extra power causing increased 
fuel Donsumplion and resulting in increased quantum of pollutants^ as company 
10 a vehide moving on level road. A vehicle may have to slow down and move in 
low gears causing slightly increased emission of pollutants while traveling upgrade. 
When traffic comes to a halt and the vehicl&s are required to idle, production of CO 
increases. However, during Idling, tho rate of consumption of fuel is veiy low and the 
total emisston of CO is generally not more than that for normal traffic. 
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7.1.4 Effect of traffic volume, traffic dBnasiy and traffic composition 

Characteristics of Traffic ane of paramounlconsld'eraljon for the designers of ventilation 
system. Traffic Vdur™, Traffic Density and Traffrc Compositfon have a direct bearing 
on the vehicular exhaust emissions. 

— Traffic Volume is the number of vehicles lhal pass in a given tinve 
period, Urban tunnels could develop traffic congestion during peak 
hours leading to stagnant but low traffic Volume. 

" Traffic O&nsity, ejcpnessed in vehicles/kjlQmeter ia number of vehicles 
occupying a given section. Traffic density would be highest during peak 
hours. 

— Traffic ComposiSon is the number of different types of vehicles in a 
given traffic Volume. In case of urban tunnels the oompo&Hlon would 
comprise mainly of passenger vehicles and buses. Fora highway tunnel 
the composition could be mainly of commercial and goods transport 
vehicles, 

— Capacity of a tunnel to carry traffic would depend on a number of 
factors. Traffic In a tunnel with unkJiredionali Iraffic moves faster than 
thaf with bindirectlonaf Iraffit. Traffic on up-grade is slower that that on 
level road. 

7.1.5 Effi&cf of elevation 

— In vehicles with spark-ignrtion engines, at higher elevations, air fuel 
mixture becomes richer due to lack of oxygen in the atmosphere. This 
results in higher oonoenlratbn of CO in the exhaust. 

“ In case of oompressionrignition engines, lack of oxygen in the 
atmosphere causes increase in smoke production. 

7.1.6 Qaantufi} of fnfrodfjcfion of fresfr sir 

Quantum of fresh air required to be Introduced into a lunnei will depend on all the 
factors rriantioned under 7,1.2 to 7.15 above and the permitted levels of the pollutants. 
For Ihe purpose of design, the Traffic Model' should therefore be carefully developed 
on these considerations 

7.1.7 Vehicufar funnef venrifaifcKn systems 

All vehicular tunnels need ventilation. It is created by natural means or by mechanical 
means. 
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JJ.7A Uatumt i/ei7^7aton 

hlaiural VerrtJlalion is caused by movemenl of air due to difrrney stack effect created 
by Ihe difference ir^ level belween two portals of a tunneS Difference between the 
ambient temperature at the two portals and wind also p^ays a part in crealirig natural 
draft. Piston effect created by the vehicutar traffic creates additional draft. 

Normally for tunnels shorter than 50D m. in length, natural ventilatim is enough, 
Exception would be urban tunnels with heavy tralfic volume having possibility of 
congestion during peak hours where provision of mechanical ventilation becomes 
necessary. Another exception is tunnels tongef than 500 m, having very tow traffic 
volume. 

Where technically feasible, provision of a vertical shaft near about Ihe oentre of a 
tunnel would effecbvely improve natural venSlaiion because of additional chimney 
stack effect created by it. If such a shaft is fitted vdth an exhaust fan, chimney 
stack effect will not be affected by change in atmospheric conditions. 

7, f. 7.2 ^GchsniGal sysferr? of ventMiou 

In case ol all tunnels more that 5M nn. in length, Mechanical System of Ventilation 
should be provided unless the traffic volume Is very low. 

A few types of venblatEon Systems used separately or in combination are as follows; 

' Linear System: As the nanrte suggests, the draft of air is linear for most 
of its length. Fresh air introduced at one end mixes with the air inside 
the tunnel and travels to the other end on account of Its own pressure 
duty aided by the piston effect created by vehicular traffic. Where a 
central shaft is provided, fresh air introduced at both the ends travels 
upto the shaft and is exhausted through the shaft. This system is most 
effective for tunnels with unidirectional traffic. In case of iofig tunnels, 
the linear Flow Is aided by booster fans at intermittent locations ICKiaied 
near and hanging troEn the arch of the tunnel. These fans boost the 
flow and hence are termed as Booster Fans. 

* Transiverse sysfem; In Transverse system two types of systems are 
used, 

1) Semi Transverse 

2) Fully Transverse 
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In TranssysLenr inlet and exhaust ducts, are proviclfttJ along (he whole length of 
a tunnel either at ground level or around crown of the tunnel. Fresh air flowing through 
(he inlet dud is uniformly released at various points along the length of the tunnel and 
foul air Is uniformly sucked Into the exhaust duct at various points along the length of 
the tunnel. Thus the system i^ linear only to the extent of travel of afr from an inlet port 
to the nearest exhaust port. This system Is most useful for tunnels with bidirectional 
traffic. In Semi transverse system only fresh air is supplied through the duds but in 
Fully transverse system fresh air is supplied as well as foul air is sucked through 
independ’ent duds as shown in sketches given below: 



Iniermediale editing in (he ceritrd part and Jet fans at the entrances 
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New shelter and otmnectiam wtth Frest^Aii Ducts 



Smoke^xtraetiOf duct 
fcamean") 



SemtyFully Transverie System of Vaifilatiort 


Loogitudinal/SEml Transveree/FuHy Trartsverso System of VenlHaltorv 
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7.1.9 Types of WfjtMion fans 
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Three types of fans are used mainly for tunnel ventilation. They are axial flow, centrifugal 
flow and propeller fans. The choice depends on flow and pressure chafacteristics to 
rnalch the ventilation needs. 

7.2 Tunnel Lighting 

7.2.1 Afeed for fighting 

A tunnel is a linear enclosed space, covered by ground alt around. Thus even in broad 
daylight or in a moonlit night space inside a tunnel is always darti. 

Purpose of a Road Tunnel is to create a user-friendly facility for smooth, efficient and 
speedy movement of road traffic. None of these puqsoses would be met if a tunnel is 
dartc. Though vehicle$ would move with Eheir own lights on, speed of Iraffic would gel 
reduced, it would create congestion and movement could be in fits and starts. 

it IS, therefore, necessary lo create a well lit environment In side a road tunnel. The 
environment should be comfortable to human eyes artd should make driving easy. 
Such environment Is created by provision of various forms of Tunrrel Lighting. The 
choice would depend on the shape, sl^e and tengih of the tunnel. Provisron of adequate 
lighting helps the motorists avoid using bright headlights which could blind the motorists 
coming from opposite dirootion in bidlreclional tunnels. Atso, some people experience 
claustrophobia (fear of enclosed spaces) and good fighting helps alleviate this, fear to 
some extent. 

7.2.2 Pecuiiar factors needing considemtion 

Durirtg daytime when a vehide approaches and enters a tunnel, 
a motorist has lo Iravel from a brlghUy lit area Into a Eightty lit area. 
Thereafter when Ihe motorist leaves the tunnel, he has to travel from a 
tightly lit area to a brightly lit area. 

At night the situatkm gats totally nefversed. When a motodst approaches 
and enters a tunnel, he has to travel from a dark area lo a brighter lit 
area. Thereafter when the motorist leaves the tunnel, he has to travel 
from a brighter lit area to a darx area. 

- Thus when a motorist travels through a luninol, his vision has to 
get adopted to changing lighting! conditions. This adaptetioni is not 
Instantaneous but takes a short time. Such adaptation has to be a 
smooth transition. Such smooth transition can be produced only by 
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suitably designed lighting conditions at the entty and exit areas nf the 
tUTinel and the portion of the tunnel tn betw/een those areas. 

7.2,3 Zon/ng of s fo/ig tmns! 

Properly designed tunnel lighting ensures smooth transilion of ligtilinig environment 
between approaches to the tunnel and the tunnel itself. This helps the vision of a 
motorist to get smoothly adapter to changing lighiing environment. This time Tor 
such smooth adjustmtent is gerterolly considered as about 4 seconds. At a speed of 
50 kmph, Ihe length traveled in: 4 seconds would be about 70 m. 

To enable the vision of a [iwtorist to gel smoothly adjusted to changing lighting 
environment the approaches to a tunnel and the tunnel itself are divaded into various 
zones as given below. For design speod of 50 kmph. length of Ihese zones would be 
about 75 m. 

Access Zone 

It is the portion of the open/approach cut of the tunnel immediately adjacent 
to Tunnel Poflal, 

T7?resfro/{J Zopfi 

It is the first zorie next to the entrance to a tunnel. In the Threshold Zone, 
the intensity of lighting Is gradually adjusted from thatoulsids the entrance 
to that in the beginning of Ihe transition zone, 

Trarrsffion Zone 

His the zone next to the Threshold Zone, in the Transition Zone, the intensrty 
of lighting Is graduaily adjusted to Ibat in Ihe Interior Zone. 

interior Zone 

It is the zone beyond the transition Zone. It is sometimes also termed as 
Normal Lighting Day Zone, in the Interior Zone, the vision of a motorist 
rtaeds no further adaptation. This is the longest zor^e in case of very long 
tunnels. The Luminance Level in Ihis zone is generally kept at around t5 to 
20 candelasisq.m. of road surface. 

it would be good practice in the case of very long tunnels to provide some 
variations in lighting at regular intervals, through variation in intensity or 
colour of lighUng, etc, so as to break the monotony of traveling under 
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the same conditions for a Jong dtslapvce, Esira iightjng is required in 
lay-bys, emergency parking locations and al locations of escape paths and 
emergency services access localions. 

Exit Zon& 

It is the zone beyond the Intenof Zone and helwoanibefare Ihe exit porta) of 
Ihe lunnel. In the Exil zone, the intonsfty of lighting is. gradually adjusted lo 
that in the portionJust beyond the Exit Podal. 

7 .2 A Ughiing instaiiationa 

The purpose of properly designed tunnel ligh^ng is to ensure smooth tnansiUon of 
lighting envifonnnent so as to enable smooth adjustmeni in the vision of a molonst. 

Sinco requirement of intensity in the ThreshoWf Transit and Exrt Zones during day time 
is different than that during night time, required intensity can be achieved by putting 
the luminaries in two different circuils. Aftematively lumiriaries that can give variable 
output by use of dimmers can also be used. 

Gradual increase or dscreass In the Intensity of lighting within different zones, as 
described above^ can be achieved by installing different types of luminaries or by using 
one or two types of luminaries at a closer or wider spacing as required. For easier 
adjustment in spacing, ihe luminaries can be mounted on sets of tedders arranged in 
lortgitudinal direction and hung from Ihe crown of the tunnel, 

Tunr^el lighCrtg has to be highly reliable. Tunnel lighting is required round the clock. It 
Is therefore necessary to install and rr^alntairt a 100 percent back-up system. 

7,2,5 Wamfenarice 

The amount of mainlenance required would depend on where the tunnel Is located, 
ihe type and volume of traffic it is required to handle, quality of ventilation and the size 
and grade of the tunnel itself. 

The luminary units should be sealed 50 as to preventontry of water from water sprays, 
dust and smoke. The luminaries have to be cleaned frequently lo dear dust and soot 
that may colled on their outer surface. Proper routine maintenance programme should 
be conceived and Implemented, 

Instead of waiting for the luminaries to fail before replacement, systematic replacement 
and renewal programme should be conceived and implenoenied. 
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8 OPERATIOK AND MAINTENANCE 


0.1 Introducfspn 

Tho o^er all aim ol operator and mainterarce of a toad tunnel shall be to iramlain 

a spadlied level of safely (or the road users, wilh an optimal level of expenditure an 

without adverse environmental effect. Decisions at the design staao as regards Hie 
tunnel geomatry, tunnel shape, mainlenance access, type and extent of the pl^t and 
equipment installed, and their configuration in operatton. have a significant beanng 
on Ihe overall Operation and Maintenance aspecls. Therefore, the maintenance shall 
be planned and petfomied in such a way that the operational assumplims made at 
the design stage remain validated throughout the long operational 
tunnel. The Operation and Mairttenance activities of the road tunnel shall be planned 

to actiiave Uiefoflowing objectives; 

a} Safety of Bie road users 

b) Ensuring free flow of iraffic 

c) Operational ecorvomy 

b) Dealing v^th abrwmial situations 


Noimal lunnel operation shall provide for maintenance of thestnjcture, aquipraen s 

and inslallations, manning of control rooms, inspection andexaminalionolvehicles 

The operating manuals for various acUwtieS, plants and equipment, overall 
mainlenanGe schedules shall be prepared in detail and shall be made available 
to the operating staff. The overall scheme shall make provision lor the periodical 
replacenenl and iniprovemenl of equipment and installations, maintaining 
appropriata stock of spare parts and special tools. Actions for Imparlii^ training 
to operating staff, updating of techniques and updating of O&M manuals shall e 

taken from lime to time. 


Preparation for dealing with accidents and abnormalities which have a greater impact 
for lunnel due to the confined space and restricted access as compared to road m 
open area shall be given spedal importahce. Abnormal operational situations rail for 
a command structure to deal with the situaton and deployment of rescue vehicles, 
ambulances, signal system, communfoation facilitfos and fire fighting equipments. 


6,2 Operation and Maintenance FundionsfAclivltles 
Operation and maintenance of tunnets involve following functionsyadivibes. 
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a} Traffic related ftfnctrons: 

These fndude control and supervision of traffic and operation of system 
for venlilatlon and lighting^ signal sy^tefns, access control systems, 
which are generally having automatic conlroi^ and are controlled from 
control room (see picture befow). Even though the operations might 
be automatically controlled, the ocwitrol room shall bo manned by 
trained personnel. Maintenance of smooth traffic flow and taking quick 
remedial actions tn case of any accident shall be the responsitillity of 
operations staff so as to prevent potential panics as space inside the 
tunnel is confined. 



Control Room with Automatic ControJs 


b) Maintene nee of tunnel’ 

Maintenance of tunnel covers pnevenlrve maintenance as well as 
corrective rraEntenance as enumerated below; 

* Preventive maintenance is the one which keeps the systems in a 
gixd and safe condition preventing an aperational breakdown. Pre¬ 
ventive maintenance is safer, more effective and more economic 
than maintenance baaed on repairing faults or damage. Without 
preventive maintenance, the systems could become unsafe and/ 
or could only be brought back to e safe condition at high cost. The 
preventive maintenance of tunnel covens foutine period](>based 
maintenance as well as candifion^sasad maintenance. 
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The periodic-tased mainteriance is normally talendai based or 
operation lime based mainienance which can he easily planned and 
ensures safe and optimum perFornTance of the facility wUhoui surprise 
feUures. The routine period ic-tased maintenance includes nTtamtenance 
of penoanent fixtures, lining, podatB, washing and cfeaning of tunnel 
interiors, drainsand drainage system, painting, cleaning and replaceroent 
of Donsumatiie parts such as lamps, fillers and batteries, etc. 

The conditon^baseri maintenance, artsir^ from the results of routine 
inspections, covers major/iriinor repairs. Routine inspections by trained 
personnel shall be earned oul lo identify these itenvs and acbons shall 
be taken to carry out repairs with all due safely precautions, The 
condition-based mamtenance includes renewal and repair of slructural 
components, road surfacing, road signs and other fixtures. 

* Even with preventive maintenance ewnponents wilt be subject^ to 
maifuriction or damage may be due to accident. In such silualion 
Corrective maintenance needs ic be resort which involves tarrying 
oul maintenance measures after an cperatiocial breakdown or an 
accident has occurred. Although prevenliv& maintenance is gen¬ 
erally preferable, in some cases parte of Ihe installation may be 
maintained on the basis of correctivs maintsnance, l.e. the parts 
In question are not maintained, but replaced after expiry of service 
life or when a defect arises. Planning is difficult in corrective main¬ 
tenance since the same is taken up after systems have become 

critical or failed. 


The figure below ilSusirates the different types of planned mamtenance: 
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c) Maii^tenance of plant and equipment; 

This includes koepijT^tg. aCI operatkinal devices in proper conditifflTi by 
carrying out lime to Ume repairs by scheduled mairiilenance and tests, 
f epiacingfaulty pa rts, electricfittings etc. Pe riod ic mal nlenance schedule 
shall he prepared for lighting, signaling, communication, oiTtOirgency 
and monitoring equipments. Complex equipments need proper and 
special maintenance. Care shali be taken right from the design stage 
to ensure lhat the equipn'tenis shall be SO seleded that the necessity 
for spedalisl agertcies is minimised and it shall be possible lo t^arige 
the maintenance agencies as and when requii^d, 

d) Incidence and Emergendes btanagomeni: 

Mocessity for Incidence and Emergencies Management arises due 
to various types ot inckiences iikoly to be met with in road tunnel. A 
common event is a vehicte accident or breakdown which causes a 
degree of lane blockage. Prompt pamedial actions shall be taken to 
restore free flow of traffic there by minimizing congestion conditions 
that in themselves can aggravate the risk of further breakdowns. 
Another situation Involving collision is possible fire or explosion which 
ts potentially more dangerous for tunnet users, and which requires rapid 
response from emergency services. The various types of inddenoes 
likely to be met in road tunnels are listed belaw: 

t) Vehide related incidence 
Fire In tunnel 
Vehicle accideet 
Vehide breakdown 
Debris on the road 

Over dimensioned vehicle getting stuck 
Overloaded sfow moving vehides 
Chemioal spillage 
it) Mon-Vehide related inddence: 

Light failure 
Ventilation tailura 
Power failure 
Leakages inside Tunnel 
Telephone out of order 
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PedQSirians on cairiagi&way 
Animals In tufinol 
4 EI) Weath&r hazards- 
Fog 

HtgTi winds 

Dazzle from the Sun psrticalflfly for Easl - West alignment 

Flood 

Snow 

iv) Human hazards,: (vehicle occupanis, operator and emergency ser¬ 
vice staff) 

Panic under stress, 

Lack of knowledge (procedures, equipment, location, etc.), 

Disregard towards Inslftictions and advice, 

Jamming commurrication channels, 

Injury during rescue. 

Vandalism, 

Terrorist activity. 

The strategies for dealing with the various indderKea shall be decided 
taking into consideratbi available resources, procedures laid down in 
the manuals and communications reguirements of the various p^ies 
involved and the needs o-f the road u&ec Response strategies shall 
deal with the iniSal occurrervce of a situation and also with any resulting 
deveSopmenls, as for example, a breakdown In a tunnel may lead to 
Initial local queuing which may further lead to traffic jam cm Ihe road for 
long duratian, 

01.3 Organization for Operation and Maintenance 

8.3,1 The authority rasponsible for operation and maintenance of Ihe raad on 
whfoh tunneUs is oonstruded shall establieh a separate organlufional structure fol 
operation and maintenance o( Ihe tunneUs. The operational oiganizatfon shall be 

responsiWefor the operation and maintenance, fire fighting and rescue procedures, as 
well as traffic control ogeratjon. The operational organization shall also be responsible 
for prepanr^ and updating procedures, manuals, specifications, etc. 
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6.3.2 The strucEure of lfi& operaliana I organization depends on several factors, of 
which the most important are: 

' Type and extent of technicat equipment in the tonnel. 

- Extent of automatic su n/eiilanoe and alarms deplcy^^d, 

* Traffic flow deEniIs, 

* Geographical location^ 

* Magnitude of the tasks to be carried out 

8.3.3 The tasks r&quired to loe handtod by the operational organizalinn ane: 

■ Surveillarkce tosks 

These involve surveillance for events that normally result in the alerting 
of police, fire or rescue services. Tunnel personnel along with others 
agencies like police, fire brigade etc. deals with these tasks, 

■ Operational tasks 

Tho tunnel personnel or an agency carries out these tasks, which can 
be planned in advance such as cleaning, washing, sweeping elo, 

" Pneventive maintenance tasks 

These tasks are carried out by the lun nol personnel or an agency, and 
can be planned, in detail, in advance. 

' Comocfive maintenance tasks 

These tasks cannot be planned in advance. However, the procedures 
to be foltowed in the event of failure or damage must be planned 

for. 

8.4 Documentation 

jn order to achieve the appropriate standards for the operation and maintenance of 
UinneEs it is essential thatthe operating manuals for equipment, mainte nance schedules 
etc. shall be prepared and shall be readily available tor reference of the concern staff 
of the operational organization. The menuals shall conlaln procedures to address a 
whole range of scenarios. Each procedure shall contain a number of snstrucnons to 
be undertaken, each of which initiates an action in one of the manuals. The individual 
manijals might cover the following aspects' 

e) AdminilstratiDn manual 

The administration manual oonlains personnel registers including the 
competence, skills and IraEning records for individuals. It shall clearly 
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deline sLaff r^ponsibilities. It shall also describe the whole Hnanctal 
system and the bodget 
il} Inventory manual 

It is essential that the operator is fully familiar with the equipment 
and systems Installed m the lunnel. their location and porfornnanoe 
characteristics wrthin the tunnet engineering ^Ta^^^ewor1^. For that 
purpose an Inventory Manual shall he prepared which shall include a 
complete list of eguipmenl (type, quantity, elCr) with all the necessary 
infoTTTiaEion, including relevant drawings and geographical inforniatici'n^ 

It shall also contain Information on spare parts {e g aupplier/producer 
with contact details, csquipment/spare part descriptk3R& and identifying 
codes, etc,), the location where these spares are stored if already 
procured, etc, IL shall also have details of how these spare parts are to 
be changed, their life period, etc. 
iij) Technical! operaition manual 

This manual shall describe how dmenenl tunnel equipment and systerris 
are used In normal operation, the capabilities of equipment and the 
actions to be undertaken in specific sltualions. The instrudions for the 
Operation of all the equipmenl shall be available and shall be entered 
in ihe technical opera^on manual. If these instructions do not exist they 
shall be prepared by experEenced personnel, Threshold levels shall bs 
sot for each of equipments according to local regulation and experience 
for operating the system, 
iv) Traffic imanuat 

This manual shall include all the procedures and instructions that are 
applicable to traffic situations occurring during rwmnat, congested, 
incident and emergency operations including schemes and procedure 
for traffic diversion. For instance, If a collision Is detected in the tunnet. 
the operator must close toe tunnel or divert the traffic to other tube in 
case of twin tuba tunnel. Police, fire fighting and ambulance services 
shall be i nformed according to the emergency pla n. Detailed emeigancy 
instructions for the operator shall be included in the traffic manual which 
shall be got approved from the appropriate authorities. 

V) Maintenance and inspectiort manual 
. Thismanualshall give instructtonstorthe mainteriance ofthewhola tunnel 
structure and ell the equipment, Including the individual components 
of the different systems. The instmdions for the mainteoanoe and 
inspection of tunnel stmcture and all (.he equipment shall be available 
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in Ch& marntenance and inspecEion manual, The manual sliall also lisi 
the regulations that apply to maintenance work, like for instance: 

’ During hour^i with heavy traffic; 

■ If nuisan{5e is caused to o|her& fe.g, acceptable irrcisa levels during the 
night hours, smoke and dust regulations, e(c}; 

* Nighttime work; 

' Traffic regufatlons; etc. 

vi) Safety Manual 

This mangaf shell rnctude all the procedures and instructions that are 
to be followed in operation and maintenance of tunnel. 

8.5 Safety Requirements 

B.5J Tunnel mafntenance activiEtes both planned and unplanned shall be carried 
out by proper traffic managomenL The tunnel shall be equipped in such a way that 
as many maintenance operations as possible can be carried out off-site fn wor^ shop 
or other places where it is not necessary to interference with traffic flow in any way. 
To plan melnten-ance and operation that affect vehicle tiaffiCr as these may be cause 
of accidents involving user of the tunnel or the workers operating the maintenanco 
equipments, certain precautions as enumerated below shall he token for safely of 
traffic as well as maintenance staff. 

■ Maintenance staff working in the tunnel shall be protected from errant 
vehicles enEering into the tunneL For th at purpose warning signs shall 
ho posted at appropriate location and one driving tone shall be closed 
oompletely by barriers and providing proper warning signags/slgnats 
weH in advance for safety of coming traffic. 

* The closer of tone shall be indicated befwo the road enters tunnel. 
Variable messages, traffic signs, baniers shall be used for Eho 
purpose, 

■ In twin lube tunnel one tube can be cEosod for maintenance while 
tomporarrly bi-directFonal traffic flow allowed In other tube. 

8-5.2 Safety equipmenis Biat shall be readily evaifeble in Tunned are listed 
below: 

Supervision and alarm equipmants: 

' CCTV 

' IDS fincident detection system) 
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* emejigencv telephorbes 

■ f re alarms 

' aulomatrc fine detectors 

* instruments for measuring vtsibitety 

■■ instrumeriiCs for mteasuring gas conDentratiOins 

* sensors for doors, alarm boxes 

' devfces for detecting vehicle height 

' Emergency power UPS 

Escape routes and communk^Sion: 

* emergency doors 

■ radb transmission 

* coinirrtjnication equipment 
' public address system 

* escape route signs 

» smcrfte-free escape routes 

* emergency ligtitir>g 

■ variable message signs 
Traffic regulation equipimenls: 

» Lane signals 

■ Bliniking red light 

* Variable ifiKt signs 

■ Barriers 

- Emergency Road Sign 
Fire fighting equipments: 

* handKjperated fire extinguishers 
' fire hydranis 

* water reservoir 

* fire-hose coi! with supply 
' sprinkler (if used) 

» dosed drainage systern 

* lire engjiTres (if owned) 
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AddHionaf saf9ty cmsiderations 

Depending upon the Importance of the lunneE, lengfri of lh& tunnel some restrictions 
and additioneE facHities as enumerated belouv shall be oonsidered. 

3. T ffesfricfroos on imnsi use 

Reslficdons may be imposed Etorri safety considerations on type of traffic permitted 
to use a road tunnel. In long tunnel pedestrian, cydes, two wheelers, anirnal drawn 
vehictes shall not be pertnitted, provided alternative routes are made avaiiable for 
such slow moving traffic. Similarly transportation of high levels of dangerous goods 
may be prohibited entirely Of for certain period of time or can be permitted only with 
escort. Such escort operations shall be thoroughly planned in close co-operation irtrith 
other organiiations like fire, trafTtt police departments. 

a5.3.2 Spee^fMs 

For safety reasons speed limit within road tunnel may be imposed taking into 
consideration geometric design of the tunnel. Ganeraify speed withfn tunnel is 
marginalty lower as compared to speed on open road. 

8.5.3.3 Separate service tunn^t 

A separate service tunnel, adjacent to the traffic tunnels could be considered at 
design stage only, provided land is available and additional cost can be Incurred. This 
additional tunnel provides access for maintenance without requiring tunnel closura. 
This service tunnel can be used as escape passage d uring an emergency, Also during 
construction stage this tunnel is used as pilot tunnel and for ground Ireatment. During 
operation stage this tunnel can be used for dewatering, ventilation and for placing 
service cabling and other operating equipments. 
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Annux-A 
(Clause 1.4} 

TERMINOLOGY 

Advance: Lenglh bywhicti ‘Worthing Fac^ of a tunnel under conslnjclion ;& advanced 
in one 'work cycEe’ also termed as ^Pull' for 'DnII and SlasT method. 

Adit: A tunnel driven from the surface to create additional workirrg faces for the mein 
tunnel or for aocess, ventilation, or emergency evacuation. 

Controlled Blasting: BlasUng operation carriod out to keep vibiatbns wilhin speafied 
limits and to prevent uncontrolled flying away of rock fragments. 

Cover; The perpendicular distance to nearest ground surface from periphery of Ihe 
tunnel. 

Cut & Cover: A method of constmction whereirt a duct is constructed In 'Open/ 
Approach Cut' and then covered with selected backfill. 

Defuming: The operation of exhausting obnoxious fumes due to blasting from 
the tunnel face to enable s^afe approach to the face for commencement of further 

activities. 

Detonator: A device initiated by safety fuss, by eledridly or by shack Eube^ to ignite/ 
detonate an explosive charge. 

Drift: A near horizontal tunnel of a small cross-section and short length driven either 
from surface or from underground face for exptoraUon or any purpose. 

Drill Jumbo: A rail or tyre mounted equipment on which one or more drill booms are 
mounted to facilitate faster deployment of the drills. 

Drilling Pattern: An arrangement showing locationr direction and depth of the blast 
holss to be drilled into Ihe face of tunnel. 

Egress: A small parallel tunnel/passage or adil leading lo outside open space for 
emergency escape of people. 

Explosive; A mixture w chemical compound capable of producirvg an explosion by 
its own energy. This includes black powder^ dynamite, nitroglyc-erine compounds, 
emulsion based explosive, AW FO (Amnrvontum Nitrate and Fuel Oil mixture), fulminate or 
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explosive substance having explosive power equal to or greater than black powder. 

Explosive Charge: Pre-deSemnined and ptanned quantity of explosive placed in the 
blast holes forgetbng planned 'advanceMn a 'work cycle'. 

Fore pole: Steel rods/secyons, pointed boards or pipias driven in the roof ahead of the 
fece prior to excavation,. Grouted pipe forepoles are used as Spiles, 

Full face excavation: Excavation of the face of tunnel earned out in one operation 
instead of by 'Heading and Benching'or 'Multi-drifdng'. 

Half Tunnel: Tunnel section on sleep biti slope with one side remaining uncovered 
arid exposed on the valley side, 

Heading and Benching: A Tunnelling metbed in which 'Heading' i.e. Ihe top section 
{generally up to around springing level) is excavated first, followed by 'Bendiing' i.e. 
removal of lower portion. 

Lagging: Planks/Precasl slabs made of reinforced cerryent concrete or steef plates 
spanning between stteel rib supports to cxiver excavated periphery of tunnel and to 
serve as formwork for backfill rTrateriaf. 

Look-out: The angle with resped to the centerline of a tunnel at which Ihe 
peripheral holes are required to be drilled so as to provide adequate space tor diilHng 
equipment, 

Minimum Excavation Line: The lirye wUhin which no unexcavated material of any Idnd 
is pennitted to remairr. This line could vary alorig the length of the tunnel depending 
upon strata. 

Mucking: The operation of removal of excavated material and hautage tor disposal. 

NATM: New Austrian Tunnelling Method {NATM} is a philosophy, which takes into 
accour>t inherent properties of the rock mass and suggests methods and supporting 

measures for the newly exposed rock mass in conjunction with continuous 
monitoring. 

Niche: Local widening of tunnel over a short lengch. 

OpenfApproach Cirt: Excavadon open to sky to gain access to Tunnel PortalL 
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Overbr&ak: TTib p&rtton excavatedJdialodge^ beyond the desired excavation line i,e. 
'Payltne'. This could be due to natural/geological reasons orfauHy workmanship. 

Pay Line: An assumed line (beyond minimum excavation line) as specified in the 
contract which governs payment of Items of work. 

Probe Holes: Holes of suitable diameter and length dtlHed into the face or around the 
tunnel for assessment of the strata. 

Q: Rock Mass Quality Index basad on geon^echantcaS properties of the rock mass 
used in the empirical'RGI ■ □" system for rock mass classification for design of ground 
supports in under ground vvorks. 

Rock holt: An untensioned or tensioned linear reinforcement element installed In 
holes dril led into the rock mass, 

RMR: Rock Mass Rating based on geomechanical properties of #ie rock mass used 
in the empirical 'CS1R - RMR’ system for rock mass ctasslfication for design of ground 

supports in under ground works. 

Scaling; An operation to remove all loosefpotentially unslPblo fragments of rock from 
the blasted surface, 

Shaft: A linear well like excavation/structure, usually vertical but may be at angles up 
to 60^ from vertical, 

Shotcrete; Plain or Fiber Reinforced Concreta (with small sfee aggregates) shot i.e. 
sprayed on any surface. 

Specific Charge^Powder Factor: Quantily of explosives consumptiorr expressed in 
kilograms per cubic meter of rock excavated In an excavation cycle. 

Specinc Detonators: Quantity of detonators expressed in numbers per cubic meter 
of rock excavated In an excavation cyde. 

Specific Drilling: Quantum of drilling expressed In meters per cubic meter of rock 
excavated in an excavation cyde. 

Squeezing Roek: A type of lock mass condifon in vvhich lbs rack mass has time 
dependent plastic deformation when exposed, 

Stand-up-Tlme: Time duration for which newly exposed periphery of a tunnel is able 
to stand on its own without exhibiting significant detormation/distress. 
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Stemming: inert matertaJ packed near tha open end of a blast bole to lock the explosive 
charge in place. 

Tunnel Lining: ConcfCteH Shotnrelo or any other material InstalEed over exposed 
surface. 

Tunnel Portals 

Excavated Portal: Entrance location where the ' 0 [>en/appMCi 3 ch cut' ends 
and full tunnel section starts. 

Tunne/Porta/: Afacade structure surrounding tunn&l opening and extending 
upto adjacent sides of 'OperVApproach Cut', constructed in front of the 
excavated portal. Where constructed at the end of 'Cut and Cover" pofISon. 
ill is termed as 'Falsa Portal'. 

Tunnel Support: Shotcrete, Steel ribs, Rock bolts/anchore or Tunnel lining placed to 
support the excavated periphery qf a tunneJ. 

Work Cycle: Sequence of operations to be carried out for each advanced 
Workir>g Face: Blind end inside a tunnel from where next 'working cycle' starts. 
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Ann&x-C 
(Clause 3.3.3.3j 

tokt !.ck; -1 

mi HokNo. I [Haiir; 

Site: 

[IpcrajcirNaine: T€pELL‘^_m_ Diautekr of borv (mm)IWAMx. 


i. 

c 

K 

a 

£ 

S 

-CD 

3i 

S & 

O -Ei 

CT c 

® (£ 

£ 

■!> 

Q. 

E 

'S 

~n ^ 

? V 

it -g 

"S LJJ 

-■ 

■§ 1 

*■ ^ 

1 

“3 

E .E 

” 1 
® E 

■1 3 ’ 
“> 

1 

K 

£ 

O 

W 

5 E 

Of ™ 

^ E 

1'^ 
m a» 

a 

PfllTflgri^sIkC 

Descripfcn 

Rej[tlftrk$ 

1 

?. 

a 

4 

5 

6 

T 

9 

9 

10 

11 

12 

m 










OVER 


lO 










BURDEN 


2.00 












2.00 

1 104 

21 

1 

2 

J 

H 

■ 

42 

MIL 

AJIjDiiisais 

Total drU water 

lo 



2 

9 

J 

H 





loss ttiroughmt 

iSO 



3 

6 

J 

H 




Inm oxide 

thelon^oT 




4 

9 

J 

K 




andcalduin 

netwrediBod. 











caitonate 


3l50 


99 

5 

2S 

4 

V 


66 

49 

Frcen P.lsb. 

*RLlDbe 

ter 

15 


6 

13 

J 

H 




1 to9& I 

oalolatied. a 

5.00 



7 

11 

J 

45' 




pofphynlk: 

RiiDcl 




9 

2 

J 

V 









9 

2 

J 

V 




gn»n InfiUn^ 





ICI 

6 











11 

10 - 











12 

6 ^ 











13 

10 



! 








14 

6 











15 

4 

J 

V 






5.00 

1610 

10 

16 

10 

J 

H 


6B 

23 



Id 

3C 

2 

17 

6 

J 

H 






aso 



19 

9 

J 

»■ 









19 

A 

J 

H 









20 

r 

J 

45* 









21 

J 

J 

V 







Neuter The infomnatlojii filled abowe is typdcal for gukJence J - Joint, V - Vertical ioinl, H 
Hariiontal jolnL 


111 






















IRG:SP:91-Z01D 

Ann«K-D 

(Cliau&e 3,4.3) 

TUNNEL IMSTRUMENTAT!ON 

Though underground excsvacions are designed tiased on different nunTertcal and 
empirical mfcUiods, (here is a need to evaioate the stabiiily ot the openings and 
optimize the design through instrumentalionJnElnjmenl.alion provkies vita! informatiors 
on ground rmtovennent and stress hutld-up in the surrounding groynd m^iss, and thus 
enabJes one to checit the vaJidity of the design. Based on the anaiysis of the data^ the 
stratsi behavior and support perforni-ance are evaiuoted, and recommendetions made 
for proper further action- 

in Tunnei gonstruction instrumentation is used for evatuafiorh of the performance of 
the support systems, monitoring the stability around underground excavations and 
ensuring over^tf safety of operalions. In poof&r strata it wouid also be advisable to 
maintain permanent instrumonialion and keep the same under periodic observation 
and monitoring. 

in general, ground mass deformation charadedsttes measurements are dona using 
Convergence meters and Mutb-poinl borehole extensometers. Load measurements are 
carried out using Load ceils, in^situ stress is monitored using Stress cetls. Regarding 
the supports, copedly of rock bolts is monitored using instrumented bolts, testing the 
anchorages of the bolts and using torque meters. Efficacy of shotcrete measured 
using shotcrete bond tester and shotcreta stress celis. Electricai Load cells of strain 
gauge type are used to monitor the behavior of rock boEts installed. 

Converge rrce Measurement 

Convergence measurement shall be performed In underground excavation vrorks to 
dotermine the relative dispiacement of opposite rneasuring points placed around the 
excavation perimeter, 

Tlie n>easunn 9 points sbali consist of the convergence bolls made of stainless steel 
pins mourited on a short reinforcing bar grouted into predrilted bde. 

The tape extensometer with sleet tape of a tow thermal coefficient shall be set behveen 
the opposite convergence boils, The convergence shall be read on a digital gauge 
with a resolution of t).01 mm. 

The convergence holts Shall be installed within the heading zone after the inslallalion 
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Of supports. At the begfnhif>gf the measurernent shaH be carried out daily. Later, weekly 
readings shaii be taken for several months up to the rassaiion or any movemeni but 
ialest wh&n the placing of I he concrete iining comnteices. 

The Donvergence measuring tape and the digitaf gauge shall bo calibrated on their 
corresponding calibration devices before and after each nieasuremenL Digital readout 
shall be in metric units. 


Borohoie (Rod) Extensometers - Single and MulUpofnt 

Single pointer multipoint borohole extensometers are used in underground excavatioris 
to measure displacements in the rock mass sufrounding the excavatkin. 

Borehole (Rod) oxtensometers shall be installed at location as indicated on the 
Drawings, Borahote diameter shall be 76 mm. However at moulh. Ihe size of recess 
shall be 125 mm for a length of 500 mm. 


For underground excavatloivs singlfe-poirt extensometers wilt have a length upto 
10 m. while Ihree-point extensoihcters will have a lyptcal red length of 4, 7 and 10 m. 
On surface excavatior^ single point extensometers shall be up lo 15 m long while for 
three-point extensometors, rod lengths shall be 10, IS and 25 m long. 


Borehole extensometers required could either be of mechanical or elodrical type. 
For mechanical extensometers the system consists of groutahle anchors, fiber glass 
continuous length extensometer rods, and protective sleeves; Head of MPBX/SPBX 
shall be sealed with a protective cover. For mechanical type Bar'Shole Extensonn.eter& 
readings shall be taken with a micrometer depth gauge of 0,01 mm scale division. 


For electrical type Borehole extensometersandeclronic potentiometer type transducer 
with (he following specifications shall be used: 


Senscf Type 
Range 
Resolution 
Overall accuracy 
Temperature Rarige 
Casing 


Potentiomelric 
50 mm 

0.1 perceni fs with readout unil 
0.2 percent fs. 

O-55'’C 
Stainless steel 


Monitoring of micro-seismic networks is Useful for evaluating ground stabilily in 
underground excavations and to locale areas of potential ground failure. The various 
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method$ used are; 

. CharBderizirig fradure propagation, 3D stress-reformation and failure 
niech3n;sm using real time micrO'Seismic monitoring system, 
i Developing short-term precursor model to warn occurrence of nocK 
failure 

. Application of Geophysical Techniques for assessing stability of 
excavations in rocK mass 

. Use of Geoptiysical tool m design ing o;tcav3liQn. 

Some of the oommonly used- instruments are: 

1) Convergence todicalors 

2) Tape fortensometers 

3J Wulli-poinl Bore Hole Extensometers 
4} RdcK Stress Gauges 

5) Shotcrete Stress Gauges 

6) Pillar Stiain Nteters 

7) Crack Extenfsomaters 

S) Load Cells 

9) Indrumeoted Bolts 

10) Piezometers 

11) Total Stations 

Some of the commorrly used instruments are shown txjlow. 
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Vibrating Wire Pieiornder 



Jocllnometer 



MPBX Unit 


Crack Monitoring 
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App€Tnlix-A 
(Clause 4.4.2) 


CLASSIFICATION & CHARACTERiSTlCS OF ROCKS 
CharatteriElics of Rock 

P.™nt atrorglh ^frock ..ratupi is matenally aBected f 

hardness joinl spacing and bedding and rtrek guality desigiiaton Bi^ad 

recommended dTscriptions of these characterisScs are gleen in tables beta^ The 
ertenl to which these charaoleiistics will affect the parent Strength of (he rock will vary 
to «se and will have to be decided upon based on ergi^erngjodgment 
to access Ihe factois of safety to be allowed lor arrlvir« at the all^abie bearing 
pressures. These decisions should be taken as per the advice of the engineenrg 

geologist 


Table 1 Weathering 



Fresfi I 

?od fresti, «ystels bright, tevr joints may show slight stalcvng. Kec*c nr^ unuer i^hkint...., 
:iV5talli«. __ 

Ver>' slight 

lock generaly (fosb, juiftB siained. some ieWs may !li(i*i day if open nyststt in broken la* 
Show ttidW. Rock rings under hammer If cjyslalliner 

Slight 

Rod9S»iallyk«sb(0inBslalnedaid(li^ 

cortiM, day. la jraniloid rw*s soiro oaasonaly ftWspar cyslals ars iM and dsMlouiBd. 
Crystaline rocks ring under hammer. -^ 


SigaiSranl podians of nx* sto* mseetaratoi. aad wealheaii} efiocta In giaaitad mds 
wspar am dull and dliojioutat. same d™ dayay. Rock has dull aniad under haainwr and, 
shows signirtcent loss o1 slretigih as oornfansd with trash lock- _ 

Severe 

AUKkencapt qua* discoloured B alalned. In arantkad racka a! feklspara dUI and dls^nr“ 
and mainrily show KadbEaSon, Rock shniirs sanete toss el strenalti and ran ha ekcavated wi 
Qeokxjsfs pick, ftock goes 'dink' when Btivck jSapriolite). 

Severe 

A) art axcapt ouadz rksootaarad b staihad. Rock Tribnd clear and artSani hut i^n 

simnglhtosimngscil |nsmnitl«.tiraisdlfeliSparsMml 2 «ltosornsade^ 

of strong rock usually l&Jl (Saprdilfl). _ ____——1 

Very Severe 

H nx* ercapt quartz discolcumd cr stainad Rrx* ■Fabrir' disffimibls hut mass atteclwat, 1 
reduced to 'solT with oniyfragmfniis oi strong rock [^naming. 

COTptete 

RocKreducedla“5oil'.RQCk«'no5di5ceniitAeOfdj5ceFnihle^^ 

1 Quartz toay be present as djke or stnngers- _—^-1 
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Table 2 Hardness (for En^lrvo^rlng Description of Rocks-No* to be Confused 
with Mohr's Scale for Mineratsl ___ 


VeryHafd 

Canntrf bs scratched with krafe or sharp pick. Breaking of hard spadinEns requces several hard 
blows tjfoeotoqlst's pick. 

Kard 

Can be scratched wfh knife or pick only with difficulty. Hard blow of haiWTter required lo detaiCh 
hand specirrer. 

hitoderateLy 

Cart be scra.lftesl wilh knife or pick. Gorges or grooves to Emm deep can be eKcavatod by hard 

Wow of poeil of qeoloqist’s pick. Hand spKanons can be detached by moderate blow. 

It^edRilTl 

Can be grooved of gcosged 1.5 mm dfeep by rirm presaure on knifa of pick p«nL Dan be excavated 
in smal chips to places about 25 mm maHtnum size by hard blows of the pdnl of a geologists 
pick. 

Soft 

Can be or grooved rtacWy Wiih knie or pick pcim. Can be excavated in dilpa to pfeces 

several cms. Iri Sd!e by moderate blowsuf a pick (tont Smafl (rtn pfeCBB csn be braksn by firigEr 
pressure. 

Very soft 

Can be carved with knife. Can be excavated reacSty wlh point of pidt. Pieces 2.5 cm or more in 

thickness can be brokeft by Rnger pressure. Can t» scratched readily bvfiotier nail. 


Hota: Fof spedlb pffl^ Invol^ Ofily a hnlled (wmber of rock types, suMi^orii of major groupings tnaybe 
destrE^Jte. Numarii;:^ nr alphabetical subscripts may be used to idantify such subdivisions. 


Table 3 Joints and Bedding in Rock 


Bpaekig 

Joints 

BedFBng 

Remarks 

Less Swi 50 cm 

Very dose 

Very thin 


SOrrmtoaoOmm 

Cbse 

thin 


300 mm to 1 1 P 

Modem My Ctoee 

Medium 


1 m to 3 m 

Wide 

■fkick 

Mssshtety bedded 

More then 3 ral 

Very MdB 

Very thick 

Massively bedded 


Note; joint apadng refere In the distance noninal to the plane of the joints of a single system 
'ser of jolr^ts which are parallel to each other or nearty so. The spacing of each “set' 
should be described, If possible to estahiish. 


Table 4 Rock Quality Designator (RQD) 


RQD 

Diagnostic Description ' 

Exceeding 90% 

Excellent 

90-75 

Good 

75^ 

Fair 

50*25 

Pocf 

Less th^ 25 

Very poor 


Note: f. RQD should alwafys be given in percentage. Diagnostic description is intended 
primarily for evaluating pjobiama wilh lursneSs or excavattons in rock. 

2. IT RQD ia t 0 be delarmtoed. double tuba K Sfee Core banet i^/lth non-rataling Inner barrels 
must be used. 
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PROCEDURE FOR PREDICTING ROCK MASS RATING tRMR) 

Tq apply Ihe geo-mechanical dassificatfofl system, a given site should be divided 
Into number of geolegicai slaictural units in such a way lhat each type cf rocJ^ mas-s 
present En IJib area ls covenfid. Th^ fdItowEng geoEogtcal parameters are determined 
for each s-tructural unit 

a) Uniaxiat compressive strength of intact rock msiterialflS 6764), 

b) Rodt guaiity designation[iS 1't315(Part 11)], 

C) Spacing of discor^ti nuitiesfl S 1131 B^Part 2}], 

d) Co nditi on of discontin uttiesfES 11315(Pad: 4 )]. 

e) Greun-d water condition[l3 11315{Part 6 )I and 

f) Orientation of d iscontin ui|jes[]S 11315{Pati 1H- 

* Uniaxial Compressive Strength of Intact Rodt Material (Ci^) 

The strength of the intact rock maieri^ should be obtained from rock 
cores In accordance with IS 9143 or IS 3764 or IS 107&5 as applicable 
based on site conditions. The rating based on unJaxlai compresBive 
strength and point load strength are given in Append tx-EI fltem E). 
However the use of uniaxial compressrve strength is preferred dyer the 
point load index strength. 

■ Rock Quality Designatior^RQD) 

Rock quality designation (RQD) should be determined as specified in 
IS 11315 {Parti 1). The detaif of rating are given in Appendix -11 {Henn 11), 

* Spacing of Olscontinaitlcs 

The term discontinuity covers joints, beddings or fciiattoriSr shear 
zones, minor fault, or other surfaces of weakness. The linear distance 
between two adjacent discontirvurties should be measured for all sets of 
discontinuities. The details of ratings are given in Appendix - II (Item III). 

^ Condition of Discontinuities 

This parairteier Includes roughness of discontinuity surfaces,, their 
separation, length or continuity^ weathering of Ihe wail rock or the 
planes of weakness, and Infilling (gauge) material. The details of rating 
are given in Appendix -II (Item IV}, The description of the term used In 
the claisafication is given in the iS 11315 (Part 4) and IS1131S (Part 5). 
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Append ix-j I 
{Clause 4.4,2) 

DATA SHEET FOR GEOMECHANICAL CLASSIFICATION OF ROCK MASSES 
AND ASSESSMENT OF ROCK MASS RATING (RMR) (AFTER BIENIAWSKI1S89) 


STRENGTH OF INTACT ROCK MATERIAL (MPa) 



Uni axial 

Compressive Strength 
MPa 

Point Load 
Strength 

MPa 

Pating 

EjtcwlionaJv Sirono 

>250 

,>B 

i& 

Very Sirona 

f00^250 


12 

Sfe^iriq 

' 50-100 

a-4 

1 

lAvecaoe 

25^50 

1-2 

A 


10-25 

}Usenf Uiuaxial 

2 

v«v Weak 

2-10 

) Ocmpnessive Strength 

1 

Bitremely Wlaak 

<3 

iPnefeired 

0 


1^_ ROCK QUALITY DESIGNATION (RQD) 



RQDIi 

Raffing 

ExcallBfil 

90-100 

20 

Good 

75-90 

17 

Fair 

50-75 

13 

Poor 

25-50 

8 

^rvDOor 

<25 

3 


SPACING OF DISCONTINUITIES 



Soacinant 

Raitlnn 

WervWkte 

>2 

20 ~ 

.WWe 

0.6-2 

15 

Modsfailfi 

Oi 0-0.0 

10 

Close 

0.06-0.2 

S 

WrvCtoee 

<0.00 

5 


NOTE- ir more than one se! oF dis-contiruily is present and Ihe spading of disccsntinuilies of 
each sel varies, consider the set with lowest rating. 


IV. CONDITION OF DISCONTINUITIES 


Condition of 
Joints 

Veiyroiqiti 
torfaca, Mol 
contiouous. 

Mo s^ratfon, 
Unweatherod 
wall rod^ 

Slightly rough 

Seperation 
< t rmi. SIghlly 
weatherfid wdls 

SSgit% rough 
surfaces, 
Separgticft . 
< 1 Jnm, Highf'/ 
weathered! 
walla. 

S^.|i]enaided 
wall surface 
or 1 -Srum 
Itiick gtisga or 

1 - 5 mm wkfe 
separaticin, 
Contixjous, 

> 5 mm Bieck 
&ott gouge, 
>5mm Witte 
aeparatkHi, 
Conlinuous 

Rating 

30 

25 

20 

to 

0 ~ 
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V. GROUND WATER CONDmON 


Gncmndwater 

Condition 

inlkjw par m, lunrvel length [iif i 
rnsn.) 

none 


IQ-25 

25-125 

>125 

Joint waler ptiesijfifrn3|ty jwtclpal 
stress 

0 

D-5.t 

0.1- ' 
0,2 

0.2-0.5 

>0.5 

General gonditkin 

comptetety dry 

ijgmp 

wet 

ddppsng 

flowing 

Rafing 


1& 

11] 

, 7 

4 

0 


V], ORIENTATION OF OISCONTlNUITieS 
ADJUSTMENT FOR JOINT ORIENTATION 


Average Orlentdtlon of dip 
and strike el joints 

Very 

favDLjrBbte 


Fair 

UnTavouraibte 

Very ul- 
favounble 

Rating 

1 

for tunnels 

0 

-2 

-5 

-10 

■ n 

fiDrfC!tifKjallion5 

Q 

-2 

-7 

-15 

1 

foisfcfie5 

Use Sfope W33S Rating (SWR) per IS 13365 [Part 3] 


Vll ROCK MASS RATING (RMR) 

Rodk Mass Rating (RMR) Value Is total of the following ratings 

1) Rating for I ntacl Rock Material as pe r I above 

2) Rating for Rock Quality Designation (RQD) as per II above 

3) Rating for Spacing of Discontinuities as per III above 

4) RaHng for Condition of DiscondinuiUes bs per IV above 

5) Rating for Ground Water Condition as per V above 
Total Original RMR (Total of I to V) 

e) Adju stment for Orierttation of Discontinuities as par VI above 
Adjusted RMR (Total of I to VI) 


VHt. NET SAFE BEARiNG PRESSURES BASED ON ROCK MASS RATING 
(RMR) 


Dasciplton of Rixk 

Very Good 

Good 

Fair 

Poor 

Vary Poor 

RMR 

ioo-ei ' 

SO-61 

6Q-41 

40-21 

20-0 

Bearing CapacHy Isq.m. 

400 

3Q0 - 2D0 

l&D-iW} 

80-50 n 

40c5f <4fl 
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Appendix-ltl 

(Clause 4.4,3] 


DATA SHEET FOR GEOMECHANICAL CLASSIFICATION 
OF ROCK MASSES FOR 

ASSESSMENT OF TUNNELLING QUALITY INDEX 
{AFTER BARTON ET AL 1974) 


Q-system for rock mass classification {Barton) 

^ >?OD Jr Jw 
0 =-:-® ^ 1) 


Jn 


Ja SRF 


t) RKlcQuafitifOKiBnallijn 

ROD 

A 

WlVPilW 

0-25 

B 

Poor 

25^50 

C 

Fair 

50-75 

D 

GkKxl 

?5-&0 

E 

ExceSent 

90-100 


Kote: I) VAiere ROD e retried nr mcasufEd aa ^ 10 [including D], a ncminal value of f0 is used Id evaluate C. 


ti) ROD «lflrvaf of &, Le., lO(|i,9S,^,elc.> are 5UfficjeR% accwfale, 


ZldoIntSctliiim'tHf 

Jn 

ft M®si«,fiO(irfewtohite 

0.5-1 

B OmjjGritsel 

2 

C 01)6 io^ set Efas random JoinlE 

3 

D Two nint set 

4 

E Tuto Join sal Oui raiKjotn Idnls 

6 

F Thneeioinsej 

9 

G Three Icrit set flusranckjm iM 

12 

H Four or tnore Joint sets, heavlriorrt^ 

IS 

J Cnislwl wh, wrthBco 

20 


Nota: il) For intacsBctnn^, {$.<0 k ). (ii) Far pgrials, use {2^1? )- 


Join Roufllne^ Mumbar I 

Jr 

a) ftodt-vnff conbc^ ani kj Aodt iraiT contact txhr^ 10 cm sTkat 

A DJsoonhrmjj: joins 

4 

B noqghoriniqiular.undulaftig 

3 

C Snook), uncMatmg 

2 

D SidoansidEd, unMal»ig 

1.5 

E Rou^ Of tregular. planar 

1.S 

F Smooth, i;fienar 

1.0 

G SlickefiGkled. plaoar ' 

0.5 1 


Note: i) Oescrip^ons ueferiQ small arid iiilermedMe scate fealjies, in Ihal nfrijer. 


c] No TQck'^Bfl contact wtitrislieared 


H Zofi& wnteniiH) day mlwrafa ihick Htough Id 
prov^rfl rwk-wal! contact 

J Sandy, gravelly or crushed ziorK IhicK enough 

Id prevent rock-wall corvtact 

1.0 

t.Q 

NoIb: i) Add 1.D il the mean spacing of the reii^W jnin 

. Bel i 3 in. 


n| ik = Q.iS can be used^ planar'Blid^nsidsi] joints having Kneaftions, pnovided ths Imcaflions areDnenled 
for tiinimiiiii strength.. 


121 









































IRC:SP:91-2010 


4| JoaiiitAJtaratiQnNi(mljw 

appF4t 

J. 

&(»?C3cr ^iThi niitiiriSfiHitigs, onf^ [roatj'ngs} 



A TigtiJ hggled. hard, nwt-soltieflng, tppermaaHe Rlirg. le., qi^rtz or epidote 

- 

0/5 

B UnaJuered joinr i^lls, wly 

25-35“ 

1.0 

C SliphH/ altered jctnt vvalfs. Nan-scrilRiiirg rijrHirat ^lin$. ^dy parlick^. 
cEa^' free ctsinlegralcd nxk, ale 

as-ao" 

£0 

D Siliy-w ^grtdy-day matirgs, s?ual^ JracBon (narvaoliening Ji 

20-25'^ 

3.0 

E Sofieiing or lo# friclion minaral |.e.,KMlr]ite or mka. Also d^ionte-, 

tik, gyfRUrn.gra^ita, ek., ard small 

B-16' 

4.0 


A| Rm* waif cpirfarf Iwfene TO cm sl^ ftftjn rrrfpwal Mings} 


f Saidy padxles. cla^lre« disbUB^a^ rede, dn 

25-30“ 

4.0 

Q Strongly (WBT-ccnsoWflttd ttHHofleniirij clay mireral FJlisgs (ccfitraous. EhA *5 mm 
lhidir%^]i 


&.0 

H Medium or 'bt/v over-CDfisolidaled softening d^y mlti^craf fifrtgs (oontinuoua, Ouf < 5 mm 
thickness) 

12-10* 

a.o 

J Swslkng-dsy Rlllrigst i.’E-.mantmorflonitie (cenbrnfous, bift <5 frep ViSlM' Of 

<sepetiiJs on pensm of Ewalfritj ciay sisB partlciffi, anf aoMS to vwater, flte. 

0-12* ' 

e-t2 

cj Wo roclr-wa^f Hwtlid fcfien s^j&ined flCftAA m/jfitfaf flJfJingis-) 

K,L, 2cm$a‘5ftiaid3 0fdBrt69'aied wcmshedi^xitondrda^ 

M (see GiMiJIvdesa^ilirw ifdayocnidldM 

fr24" 

e.a.Df 

a-12,5 

N Zones or bands of si^y-or samty-day frardiert {non- soflaningf 

O.P. Wk*, contiiwDus cones w barHb of clay {see GiU tor) 

R dary condltkii desi^ipticri 

^3J‘- 

10. 

1J-2D 


5) Joint Water Redudioo F^actor 

tAPater pK^ure 

K 

A Di^encBvCtfioncrninwinftM, P.#.,-^Ithilnfacsfiy 


"u 

£ Wedum inflow or pressure, EtesaianarfflrtiiraEb of joitsfilEfigs 

1-2.5 

0.06 

C Largfi itilfciw or high presaur# In ccnipelenl rotl! with urffiSed joints 

25-10 

0.5 

D Large wfcw or lii^ pressure cenaiieraMa oiiTwasb of fomi filings 

j 2i-TO 

033 

E Ejffieptktfially bigli mflow w wstar pressure at tiastirg, decaying with tiiiB 

>10 

02-0.1 

F Eriwplkjn^ high Inbow or wsSr presaure ocrrtiiwliig wdhQul notiaagtile dncay 

>10 [(cgAsn^t 

0.1-0.05 


HoM: I] FactET^ C Da F nre CTudv esbmalES. f 1 i^ngp Attastlies are hlsyfled. 

ii|i Spadei ptnlHems ica Vkih^w gra net cwSKleKd. 


122 







































IRG:SP.91.,20ia 


r6) Stress Reductibh Faclof 

3) H/Mkn^s cpfiss jntwseclf.nsf flJctavjtfoD, wfifcfi my cJirse foos^n^ flf/oclr msis wAevt /f 

wwiT’afed 

A Mutti^e ocQcirrenoeg oil vreaKness zones con-talning day rdTemicelljf dishtegrated roclt, v'ery bose 
SLKnxiMIb^fDCtfanyde?^.) 

10 

B Singiemafaiass /tineconlairariff clei'circheniicatifiisirilegrESedrqdi (depIF’iofascavalkn s50riil 

S 

C Sdtw weakness zone coisaining daj or liiemtally idisiate^aled rock (deplFi of ascavalirsn > W m'l 

2.5 

D Mr/I^e siJiMr zonss n oorti(>Sbill rtsfi f day’&eef fdesif] of axearynbem < 50 mh 

7..5 

£ ^jnoie shear zono m tanpatepi njek j clay-Nel {dejitti of eKcavateon £ 50 re) 

S 

F Slagle shear iijne |ri c^Fiipetent icck (clay-ftee) (tsapthcfftitcavalicti > 50 m) 

2.5 

G Lj5csa[:^.pii(hea^^jdntaj{and^ 

5 


No(e- ^ Re(hJceSRF vakic hy if ifis Levant slwai nsfiM-cfilii liAienca biri no! infesed tfre excavalion. 


tif 

Campetent mcM, /odr stress probfems 



SRF 

H 

Low stress, near surface, opan jonta 

>m 

<0.i!ld 

2.6 

J 

Medjm stross. tavoradle stress txiodi^ 

200^10 

0,01-0.03 

1 ' 

H 

High sti^. very UgM struebirs. Usually 

faveratife to sta^lity, may be unfavDtable 1o wall stabdly 

10-5 

0,J-0.4 

05-2 

L 

Moderate eiaU^ alfer Inurnimasave rod; massive redt 

5*3. 

05-0.6fi 

5-60 

M 

SSatiWia anditxJiligislaftera fswrvnutes in masstiBrack 

J’Z 

0.65-1 

50-300 

TJ 

Heavy rod burst (slraifi-dursl} and Irmietiiaie dynamic defonnatiorf In 

massn« reck 

<2 

>1 

200-400 


N«l« 1} Far sbcn^ anisoticpic vif]^ stress Saids (if nje^urd): whesi 5 s cr, / cr i fC, reduce lo o. io 0.75 iiylwn i 
Uj > 10. jedjDB 0 ^ Id 0.i (T^; whm Ij uncaifined ccnpressinie s»iergtti. -a, and are and anirdf jumdpai 
stresses: end ff, is readmijm angerial stress {estimated horn elastic Sie^f. 


Pi) Few cases iwarts aniailsil? i*ttere deplh nf cnwi below sifface s l£S3 pjan sjan width, Suggest SRF mcfease 
liwi 2.5 bo 5 fer Btich cases {See K,]i 


c) StfUMZjVrflrasfcrpfaalfiJ flmiffff liK<iVF 7 w*m Inflr/aflcs 

of blghnckpft^m 

ap. 

5RF 

0 hbd squeezing rod pressuns 

1-i 

5-10 

P Heavy B(;^raezlrvg rock, pressure 

5 

10-20 

Mote; w) Cases of sqiiE*zing tod may OCCOf tor depth K > 350 Rock mass onpressire sErengii tan 

be Bstfiiaiwl front Q = 7 y MPa), where y ■ irck density to gfero’'. 

d) Swafffdg rocJtr; cAemfeei swellfn^ activf^ tStpentflng on pireaeitK ot 
watev 

SflF 

R Mfe swdllng md oressure 

5-10 

S tfearvy swell pnssure 

10 -15 

Mote -v) Ktd Ja ctessification; 6 appSatjr io Dw lont set or iJaconltnutty that ts least 

I^Dur^ tor snatbillty bdib from t|id pemt 


erf view qF orianfaftiai and sltear resistance 


_ 

Cl»? 

Rock nitt»tiualfty 


A 

EkKcSbnattv&xHJ 


A 

ErrfrernefvGood 

40’100 

A 

V^Good 

10-40 


Good 

4-10 

C 

Fair 

1-4 

31 

Pdw 

0.1-1 

E 

VervFtoor 


F. 

ExtremehfPwf 


G 

_£!Haasaiftfc^ _ 
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APPENDIX4V 

(Clause 4.4.2) 

EXAMPLE OF DETERMINATION OF ‘RMR’ & 'Q' VALUES A SUPPORT 

REQUIREMENTS 

(Refer IS 1336S: Part i & 2, 1992) 

A proposed Irrigation Protect involves construction ot two 'D' shaped parallel tunnels, 
each about 690 m. long connecting two reservoirs. The alignment of the Innnels is 
almost in N S Direction. Width of each Tunnel is ll m, wide witti seorj-circular roof. 
Clear gap between the two tunnels is 33 m. The tunnels are to be ej^cavatetl by 
Conventional method of Drilling and Blasting. 

Following Geological and Geotechnical Data was collected. 

Regional Geology: 

The area k predomlnantlv occupied by Chamockite and Gamettferous Gneiss. 
Regional trend of rod? formations is tending in NE-SW direction with steep dips of MO 
to 60“ towards soulh east. 

Local Geology: 

Geotogical Mapping along the proposed alignment indicated that the alignment is 
covered thin layer of soil and seres material underlain y moderately weathered to 
fresh Chamockile and Gneiss. 

Sub‘surface Exploration: 

Lllhological Longitudinal Soefion along the alignment irxjicated that Entry Channel will 
have to be constructed from Ch. 30 m to Ch. 60 m and Exit Ghannsl from Ch. 750 m to 
Ch. 790 m Thus Ihe tunnel is expected to stretch between Ch. 60 m. and Ch. 750 m. 

Engineering Properties of the Rook Mass at the Tunnel v/ere expected lo be generally 


as follows: 


Particulars 

Value 

UnitWai^nf RoCkMBES 

2400 KgJoufii. 

SiJedfic Gravity 

3.1515 

CkMiiprEssive Strength 

106,9 WPa 1 

Tensfe Strength [Brazilian Test] 

13.71 MPa 

Mcdu&fS of Elasticity 

2127 GPa 

pDisison/s Rafc 

0.1963 

Anq^e of Fridion 

43" 

Porosity 

0.79% 

Atforagfi Vertical SIress at Tunnel Grade 

3.6 MPa 
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Rock Mass Classification: 


In order to arrive al preliminary characlorizaEion of the ^od^ mass, the tonnet lenoth 
wras divided jn three reaches as foflows: 



To Ch. m. 

Unoth m. 

P^Elietilars 

QO.ffli 

90.00 

30.00 

■'' —" “ ■ uIt - 

InsiiJe Enliv Portaf 

96^ ' 

720.00 

630.00 

InfKf Tunnel 

730.00 

TSO-OO 

30.00 

insede Biit Poiial 


Rock Mass Characterization of the lunnel medijm has been earned out as per' RMR' 
- Rock Mass Rating [Bteniawski] and ^ Q" -Rock Mass OuaJity [Barton}. The mectianics 
of arriving at the 'RMR‘ and 'O' is indiggied in the followhg Tables 


Zone from Ch. 90 m to Ch. 720 m: 


"RMRRock Mass Rating [Bienrawski] 


Sr. No. 

Parameter 

C«idilion of Rook Id^ 

Rafiiifl 


Btrengifi oFfiilad Rod^ 

Uni^CwipiteSwo Strength: 100 Id 300 

}JPs 

12 

'A 

ROD ' - Riock Quality Designation 

75-90 

17 


Swclna of Diacontittutles 

0.6 m. to 2.0 m. 

15 

4) 

CqwjFiion of Disgjivtjnuities 

Very rough umwathaaed waH, Rodi light 

and discontinLious. Mo seoar^Oon. 

30 

A 

Gnujnd water ooftdition 

Coroptetslv drv 

15 


AdustnenI 

Very IsvciijraEife 

0 

J) 

RWR'.Rock Mass Rating 

30 

31 

tSassiicalion of rwk rnass 

Vterv Good Rod: 1 i 


Stand up (iiroofmofspanof 11 m. wldetunrK^ 

! 

10) 

SuaiBSted Mettiod of Excavation 

Fiill Face v#i 3.0 m. advanw 

11} 

likely Bequiranieflf of Supports 

Gentfalfy no support required eteeptferoceassanBl 
spotboltkiq 


Zor^e from Ch 90 m to Ch. 720 m 


'Q' - Rook Mas$ Qualrty: 


Sr. 

No. 

Pareini'ter 

Coflditton of Rock Ma&s 

Raling 

n 

RQD - Rock Qualitv Dsionaiian 

75 to 90 

80.00 

2i 

Joint Mimb^ fJnl 

1 Joint Set + random 

3.K9 


Joint Roiiqhness FJrl 

Disoontinuous iointi 

4.00 

*1 

Joint AHeralionEile] 

Ticivllv healed 

D.75 ' 


Joint Water Reduction Fadar [iw] 

DryoAcgvaiion or minor inflow < 5 H./ 
mtn. kKallv 

1.M 

s'l 

Stress Reduefon Facto; f3Rfl 

Medium stress 

1.00 


Q = RQWJ n I JrJJa i JwfSRF = «k/3 a *0.75 a 1.0111.00 

Iti.flQ 


Oassifiotlon cf Rodt Mass | Extreroelv Good 

lOO 

^1 

ESR: 1,« Smji 11 m. Span/ESR = 1111.6 

e.ea 

io;i 

Support Rmnifanent 

SuwHt Csteqorv 1. 
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CODES OF PRACTICE/ACTS/RULES 
FOR TUNNELLING WORK 

The following Codes/ActSifRuies. snd Iheir revised/upqfoted versions, if any. will be 
applicable fo the Tunneiling work. This Bsl is not ej<hausNve and ell olher relevant 
CodesfActs/Rules ar>d their revised/updated verspons^ if any, wiH be deemed to be 
applicable to the Tunnelling wortt. 


IS &e78 

1971 

[Part 1] Predskm Survey and Setting out. 

3S &87e 

1971 

[Pari fl, Section 1| Undeiground Excavaticn in Rock, Section 1 
Drilling and Blasting. 

IS 5876 

1971 

[Part II, Section 2j Underground Excavation in Rock, Section 2. 
Ventilatbn, Lighting, Mucking and Dewatering, 

IS 5376 

1971 

[Part IL Section 3] Underground Excavation In Rock, Section 
3, Tunnelling Methods for Steeply Inclined Tunnels, ShaRs and 
Underground Power Houses. 

ES 5678 

1971 

[Part III] Underground Excavation in Soft Strata. 

tS 5878 

1971 

[Part IV] Tunnel Supports. 

TS 587B 

1971 

[Part V] Concrete Lining. 

IS 5878 

1971 

[PartVn Grouting. 

ISAOei 

1986 

Safety Code for Blasting and other related Blasting Operations. 

IS 4756 

1976 

Safely Code for Tunnelling Work. 

IS 9103 

1979 

Admixtures for Concrete 

IS 9012 

1978 

Recornmended Practico for Shotcretirig 

IS 3764 

1968 

Safety Code for Excavation Work. 

IS 4138 

1977 

Safely Code tor Working in Compressed Air 

IS 7293 

1974 

Safely Code for Working with Construction Machinery. 

IS 823 

1964 

Code of Practice for Manual Metal Arc Wekiirg of Mild Steel, 

IS 816 

1969 

Code of Practice for Manual Metal Arc Welding for General 
Construction in Mild Steel* 
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ISfS66 1967 
fSSl7 1966 

IS 226 1975 

IS 456 2000 
IS ^086 1967 
IS1&&5 1975 
IS 1200 1371 

IS 1200 1971 

IS 1905 1980 
IS 1256 1967 
IS eOD 2007 


Hard“drawn Steel Wire Fabric for Concrete reinforcement. 

Code of Praclice for Training and Testing of Metal Arc Welder 
[Revisedjn 

Stmclurat Steel (Standard Ouatity]. 

Code of Proclice ter Plain and Reinforced Concrete. 

Methods of Teste for Distributors, 

Criter^ for Earthquake Resistant Design of Structures. 

(Part XXV] Method of Measurement of Building and Civil 
Engines rir»g Works, 

(Part XXV] Method of Measurement of Building and Civit 
Engineering Works - Tunneling. 

Code of Practice for Structural Safety of Buildings. 

Code of Practice for Building Bye-lawvs. 

Code gf Practice for Use of Structural Steel in Generai Building 
Construction. 


IS 13305 1992 QuanliEaEive Ciassrfication Systems for Rock Mass (Part 1 & 2} 
IS 13372 1992 Seismic testing of Rock mass (Part 1 S, 2) 

IS 14436 1997 Resistivity of Rock 
Indian ExptosivesAct- 18B4, 

Indian Explosive Rules -1983. 

Indian Mines act - 1952 
Indian Mines Rules - 1955 


PIARC Guidelines 


Report of PtRAC Committee on Good Practice for the Operation and Maintenance of 
Road Tunnels (C5) -2605 
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